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Introduction. 

Almost identical techniques have been developed independently for 
the histological demonstration of alkaline phosphatase [Takamatsu, 
1939, and Gomori, 1939]. Subsequently Gomori [1941 a] published 
his results in greater detail and also produced a technique for demon- 
strating acid phosphatase in tissues [1941 6], Kabat and Furth [1941] 
modified Gomori’s technique slightly and gave an account of the 
distribution of phosphatase in both normal and pathological tissues. 

These authors have restricted their descriptions in most cases to 
the general distribution of the phosphatase in various organs and have 
given only a cursory description of the intracellular distribution. 
This study has been carried out with the object of describing the intra- 
cellular distribution in greater detail, and special attention has been 
devoted to the role of phosphatase in bone formation and other 
calcification processes. * 

Method. , 

The method elaborated by Gomori and by Takamatsu, as described 
by Gomori, is briefly as follows. Thin pieces of tissue (2 mm. thick) 
are fixed in 80 per cent, alcohol* for 24 hours and then dehydrated 
( through cedar wood oil and benzene (xylene will do as well without 
the cedar wood oil) and embedded in paraffin. Thin sections (5-7 //,) 
are cut in the usual way, and the tissue, mounted 'on slides, lias the 
wax removed and is brought to water and then incubated in a mixture 
containing sodium glycerophosphate and calcium chloride or nitrate, 
together with a suitable buffer. The pH of the mixture is approxi- 
mately 9*4. The phosphatase, which is precipitated in situ in the 
VOL. XXXII, NO. 1. — 1943. 1 . 
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tissue by the alcohol, splits phosphate from the glycerophosphate. 
This is trapped immediately and precipitated at the site of phosphatase 
activity as insoluble calcium phosphate by the free calcium ions in 
the mixture. 

The length of incubation is given as H hours, but a good reaction 
can be obtained within as short a space of time as half an hour and 
the sections may be left in as long as 3-4 hours without damage. 

After incubation the tissues are rinsed in a 0*5-1 per cent, solution 
of calcium chloride or nitrate, placed in 2 per cent, cobalt chloride or 
nitrate for 2 minutes, and then washed thoroughly and placed in a 
dilute solution of yellow ammonium sulphide for 1 minute. They 
are then counterstained if desired, and dehydrated, cleared, and mounted 
in balsam. The sites of phosphatase activity appear black. Kabat 
and Furth [1941] used a technique which was fundamentally the same 
as that described above, but they added magnesium sulphate to the 
substrate mixture (magnesium is a well-known promoter of phosphatase 
activity [Erdtman, 1927]) and after incubation they stained the tissues 
by von Kossa’s method for demonstrating calcium, thus obtaining 
a brown colour at the site of phosphatase activity. This method, 
however, seems much less specific than that of Gomori, because the 
technique involves the demonstration of the calcium phosphate, newly 
precipitated by the activity of the phosphatase, and Cameron [1930] 
has shown that von Kossa’s method is specific for neither calcium 
nor for phosphate. Nevertheless, using adequate controls this latter 
method is probably satisfactory. The specificity of this technique 
has been discussed in detail both by Gomori and by Kabat and Furth 
and need not be repeated here. It should be mentioned, however, 
that preformed phosphates can be demonstrated by passing a control 
section through the reagents without incubation in the substrate 
mixture. This slide acts as a control, and such a preparation should 
be made for every tissue investigated. 

Both Gomori and Kabat and Furth state that this technique can 
not be applied to adult bone because the process of decalcification 
destroys the phosphatase. Kabat and Furth, however, found that 
they were able to remove the small amount of inorganic salts in the 
bones of a still-born baby with diammonium citrate without affecting 
the phosphatase reaction. 

The present author has found that pieces of bone may be fixed in 
80 per cent, alcohol and then incubated with the ester mixture and 
the calcium phosphate so formed demonstrated by GomoiTs cobalt 
chloride method. Once the cobalt sulphide is formed it is insoluble 
in the decalcifying agent (trichloracetic acid) and decalcification can 
therefore be carried out as a last stage. Controls may be made in the 
same way, omitting the incubation with the substrate. The controls 
show that the periosteum and endosteum contain appreciable amounts 
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of preformed phosphates in young animals. But it is interesting that 
the true bone itself does not react. The presence of preformed 
phosphates could not, of course, be observed in the preparations of 
Kabat and Furth where decalcification preceded incubation with the 
substrate mixture. 

Needless to say, while the bone still contains its inorganic constituents 
there is very little penetration by the fluids in which it is placed. 
This means that it is desirable to use only small pieces of bone, otherwise 
the endosteum will not* stain at all, and in any case only the endosteum 
and the periosteum and the superficial parts of the bone are likely to 
give any reaction. On the other hand, the method is very suitable for 
investigating the distribution of phosphatase in the repair tissue 
contained in a small 1 mm. hole previously bored in the bone. The 
fluids used penetrate easily into such a hole. 

The calcium phosphate precipitated by the enzyme may also be 
stained by a number of methods used for staining bone (e.g. purpurin), 
none of them very specific. The present author has used dyes which 
give in vivo staining of hone for demonstrating this calcium phosphate. 

The two dyes which have been used are 1 : 2 : 5 : 8 tetra-hydroxy- 
antkraquinone (kindly sent me by Professor J. 0. Brash of Edinburgh) 
and sodium alizarin sulphonate. The latter, because of its ready 
solubility in water, has given better results. These dyes were added 
to the incubating mixture and presumably their molecules form a 
lake with the calcium ions, and when the latter were precipitated by 
the phosphate liberated from the ester they gave a coloured precipitate 
of calcium phosphate. The technique is as follows: Tissues are first 
fixed for 24 hours in 80 per cent, alcohol, dehydrated, cleared, embedded. 
Sections, with wax removed, are brought to water and incubated in 
QomorFs substrate mixture, to which 0*01 per cent, of sodium alizarin 
sulphonate has been added. Stronger solutions of the dye are likely 
to stain all the tissue irrespective of the action of the phosphatase. 
If this occurs, then the dye concentration is too great and must be 
reduced. In general, the weaker the solution and the longer the time 
of incubation, the better the result. The time and concentration 
appear to vary for different tissues. Bone and kidney have given 
good results by this method. Bone, of course, cannot be decalcified after 
this procedure, which is of use only for macroscopic staining of this 
tissue. 


Results. 

The majority of the results here described have been obtained by 
the application of GomorFs technique to various tissues. A total of 
25 guinea-pigs provided most of the material described, other material 
is referred to where necessary. 

Tongue . — The superficial cells of the filiform papillae stained darkly 
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and t-liere were localized positive areas situated more deeply in the 
epithelium. The cytoplasm and nuclei stained with approximate^ equal 
intensity and diffusely. Numerous faintly positive nuclei were present 
in cells scattered through the epithelium. The tongue muscle and 
connective tissue were negative. 

Stomach . — There was a slight reaction in the serous membrane. 
There was no reaction in the superficial cells of the mucous membrane, 
but in the glands about midway between the surface of the mucosa 
and the submucosa occasional cells could be seen with a slight diffuse 
staining of the c 3 doplasm and strongly staining nucleoli. Towards the 
bottom of the mucosa .the walls of capillaries were stained deeply. 
The endothelial cell nuclei of the capillaries stained more intensely 
than the cjdoplasm. Staining was diffuse and there was no localized 
staining of the nucleolus. The greatest number of positively staining 
capillaries were situated at the bases of the glands. Some of the 
capillaries contained positively staining granules within the lumen. 
No reaction was given by the muscular coats or the nerve plexuses of 
the stomach. 

Duodenum (Plate I, fig. 1). — There was a strong positive reaction 
bj r the epithelium. The cells in the lower parts of the villi and those 
lining the crypts were positive. The reaction faded away towards the 
tips of the villi. The reaction was strongest in the brush borders of 
the cells. In some, the whole of the distal portion of the cell stained 
diffusely. Lymphocytes (A) which were present among some of the 
columnar cells had deeply stained nuclei and a completely negative 
cytoplasm. Most of the nuclei of the epithelial cells were negative 
or faintly positive and a small number showed a positive staining of 
the nucleoli. In some of the epithelial cells there was a dark band 
across the cell about half-way between the nucleus and the distal edge 
of the cell (not shown in the figure). Then there was a poorly stained 
area which increased in intensity as the brush border was approached. 
The most intense reaction was given at the junction with the brush 
border. The outer edge of the brush border also gave a very strong 
reaction. If the illustration is examined carefully this double structure 
of the brush border can be seen. In most cells the phosphatase 
appeared to be diffused in parts of the cells in which it was 
distributed, but in some black granules were present also. Brunner's 
glands and the musculature of the duodenum gave a negative reaction. 
In some parts of the duodenum the capillaries stained intensely. In 
some of the capillaries the red blood-cells gave a positive reaction, and 
manv contained black granules within the lumen as well. Both nuclei 
and "cytoplasm of the capillary endothelial wall stained. 

Jejunum (Plate I, fig. 2). — The whole of the epithelium lining the 
villus and crypts was positive. The brush borders of the epithelial 
cells stained strongly, and most of the c^ytoplasm of the cells -ivns also 
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diffusely stained, though less intensely than the brush border. Distribu- 
tion of phosphatase in the cells was, in general, similar to that of the 
epithelial cells of the duodenum. The brush border, however, was 
much wider in the jejunum, and its triple structure (outer thin line of 
black, broad centre with small reaction, inner part and distal cyto- 
plasm of the cell, black) can easily be seen in the illustration. Nucleoli 
of the epithelial cells stained strongly (these do not show- very well 
in the illustration). Amorphous black granules were also distributed 
through the cytoplasm of some cells and a few showed nuclei with 
black caps reminiscent of the Golgi apparatus. It is noteworthy that 
such black-capped nuclei never occurred in cells which showed a strongly 
staining nucleolus. This result suggests that the black caps may have 
been due to extrusion of nuclear phosphatase through the cell membra ue. 
The capillaries gave a very slight positive or a negative reaction. The 
muscle layer was negative. 

Colon (Plate I, fig. 3). — In the colon there was a complete absence 
of staining of the brush borders or of any part of the epithelial cells (A). 
On the other hand the capillary vessels were stained. The cytoplasm 
of the capillary endothelial cells was lightly and diffusely stained, but 
the nuclei gave a much stronger, but diffuse, reaction. 

Reciwm (Plate I, fig. 4). — The positive reaction of the brush border 
of the epithelial cells returns in this part of the alimentary tract. In 
addition to the strong positive reaction given by this part of the cell 
the distal portion of the cytoplasm stained. There was slight staining 
of the nuclei. Everything else in the rectum was negative. 

— Summary or Alimentary Camay. 


Stomach. 

Duodenum. 

Jejunum. 

Colon. 

Rectum. 

Epithelial cells of 
mucosa negative. 
Capillaries 
strongly positive. 

Peeper epithelial 
cells positive. 

Brush border and 
distal portion of 1 
cell positive. 

Some capillaries 
positive. 

Strong positive 
reaction by brush 
border and distal 
cytoplasm of 
epithelial cells. 

Capillaries slightly 
positive or nega- 
tive. 

Negative reaction 
by epithelial 

cells. 

Positive reaction 
by capillaries. 

Strong staining 
by brush border 
and distal por- 
tion of cyto- 
plasm of epi- 
thelial cells. 
Capillaries 
negative. 


The two points of greatest interest in this summary are first the 
presence of phosphatase in the brush borders of cells in those parts of 
the alimentary tract where most active absorption (at least of glucose) 
can take place, i.e. duodenum, jejunum, and rectum, and the absence of 
a reaction in the epithelial cells in those parts of the tract which are 
not important centres of absorption, i.e. stomach and colon. 

Secondly, the inverse relationship between the staining of the 
capillaries and the brush borders of the epithelial cells. When the 
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latter stain* the former give either a slight positive or a negative 
reaction, and vice versa . 

Liver and Gall Bladder . — The liver gave practically* no reaction in 
the guinea-pig hepatic cells, Kupffer cells, and capillaries appeared 
negative. The gall bladder (Plate I, fig. 5), on the other hand, gave a 
strong reaction. The epithelium stained more intensely than any 
other part. The cells, both cytoplasm and nuclei, were diffusely stained, 
the nucleus slightly less intensely than the cytoplasm. In addition, 
particulate masses of black material of varying sizes were present in 
the distal cytoplasm. The brush borders of the cells stained very 
intensely. Some nuclei were surrounded by amorphous black granules. 
The cytological picture given by the cells was one which suggested a 
secretion of phosphatase by the gall-bladder cells into the bile. In 
all the sections examined the bile present gave a positive reaction. 
It is very likely that the phosphatase present in the bile of the guinea- 
pig comes entirely from the gall bladder because there is no staining of 
the bile in the bile capillaries of the liver. The bile capillaries of the 
liver of an adult human being, chicken, and mouse also give negative 
reaction [Iiabat and Eurtli, 1941], so that it appears that a general 
function of the gall bladder in at least four species of animal may be 
the secretion of phosphatase into the bile. There was also a faint 
staining of the nuclei in the smooth muscle coat of the gall bladder in 
the guinea-pig. 

Salivary Gland {submandibular ). — The whole of the salivary gland 
gave a strong but diffuse staining. Nuclei and cytoplasm of the 
alveolar cells stained with equal intensity. There was a slight reaction 
on the part of the control section, indicating that preformed phosphates 
were normally present in the salivary gland. The salivary glands are 
probably the chief source of salivary phosphatase. 

Spleen . — The Malpighian corpuscles gave a slightly positive reaction. 
The nuclei of the lymphocytes throughout the spleen gave a faint 
positive and diffuse reaction. 

Mesentery . — Pieces of mesentery examined gave a uniformly negative 
reaction. Even the capillaries showed no trace of a black deposit. 

Muscle . — Voluntary muscle was uniformly negative. Occasionally 
a faint diffuse staining of the nuclei of the smooth muscle attached to 
various organs was apparent. Heart muscle (Plate I, fig. G) from the 
ventricle gave a slight positive reaction. The capillaries running 
through the heart muscle, however, gave a strong positive reaction. 
Both nuclei and cjrioplasm of the endothelial cells of the capillaries 
stained — the former slightly more intensely than the latter. Larger 
vessels (arterioles and venules) gave no reaction. The control sections 
showed a slight staining of the endothelial walls of the capillaries, 
indicating that there were preformed phosphates present 

Trachea and Lxnig . — The cartilage of the trachea vas negative, A 
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positive reaction was given by the brush borders of the ciliated epithelial 
cells, and in parts the basal cells gave a diffuse reaction. Some of the 
deeply l}dng (submucous) mucous glands gave a positive reaction. In 
the lung (Plate I, fig. 8) the capillaries gave the strongest reaction, 
although not all of them were positive. In most capillaries the nuclei 
of the endothelial cells stained very much more intensely than the 
cytoplasm. They always stained diffusely. Some of the capillaries 
showed black granules in the lumen. Some of the alveolar cells also 
gave diffuse staining of the nuclei and there were also patches of 
alveolar cells in which the whole cell stained faintly and diffusely. 
The same type of patchy diffuse staining was shown by the cells of 
the bronchus with the exception that many of the latter cells had 
positively staining nucleoli. In the cartilage present in some of the 
larger bronchi both cartilage cells and the matrix were negative. 

Nervous System . — No nerve cells gave a positive reaction, but in 
the spinal cord there appeared to be a slight reaction by the nerve 
fibres in the outer parts of the horns of grey matter. The characteristic 
feature of the cerebellum (Plate L, fig. 7) and cerebrum and the spinal 
cord was the strong staining of the endothelial walls of the capillaries. 
The nuclei and cytoplasm of these cells appeared, in general, to stain 
with equal intensity. With the exception of the reaction in the spinal 
cord already mentioned, all the other components of these three tissues 
gave a negative reaction. The optic nerve was completely negative. 

Skm (Plate II, fig. 1). — In the skin there was no reaction by the 
subepidermal connective tissue. In the epidermis only the stratum 
granulosum cells gave any reaction, and this was a weak one. The 
hair follicles, however, stained strongly. There was only a slight reaction 
at the bottom of the follicle, but the reaction was intense in most of the 
central part of the hair sheath. The region of the hair sheath near 
the epidermis was devoid of reaction. The sebaceous glands stained 
strongly. Nuclei and cytoplasm of all positive cells appeared to stain 
diffusely and no granules could be observed. There was no staining 
of the nucleoli. 

Some hairs gave a fairly intense staining, but staining of equal 
intensity was found in the controls. The hair follicles stained in the 
same manner, but much less intensely in the controls than in the 
incubated section. 

Male Reproductive Organs . — The testis gave a strong reaction in the 
capillaries. There appeared to be a general staining of the testis, 
including both the interstitial and the generative cells. All chromo- 
somes in cells undergoing maturation division gave a positive reaction, 
but it was not any more intense than in any of the other cells. Some 
of these cells contained black granules, but the fixation of this organ 
by the alcohol was so bad that it was impossible to observe accurate 
detail. There was no reaction in the vas deferens or the vesicula 
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semenalis. The penis contained a few positive capillaries, but all else 
was negative. 

Urinary System.— In the ureter (Plate II, fig. 2) the distal portions 
of the superficial cells of the epithelium were almost devoid of phos- 
phatase. Proximal portions stained strongly. The cytoplasm, of 
these cells and of those lying deeper in the epithelium was diffusely 
stained. The nuclei of all the epithelial cells gave a stronger reaction 
than the cytoplasm, and the reaction was of greater intensity in the 
nucleoli. Some cells showed scattered granules in the cytoplasm. In 
the bladder the superficial cells gave no reaction, but the deeper cells 
gave a diffuse reaction in both nuclei and cytoplasm. The epithelium 
lining the kidney pelvis also gave a strong reaction similar to that 
found in the ureter. The kidney (Plate III, figs. 7 and 8) has been 
^examined in both the guinea-pig and the rat. In' both animals the 
glomeruli did not stain, and the most intense reaction was given by the 
cells of the convoluted tubules. In the rat the whole cell stained, but 
the most intense reaction was localized in the outer border of the cell. 

m j 7 

and particularly in the brush border. In many of the guinea-pig kidneys 
examined the reaction was restricted to the distal fifth of the cell. 
There was staining of the nuclei in many cells but the reaction was 
diffuse, and in very few nuclei was there any evidence of nucleolar 
staining. 

Bndoorines — The thyroid gave no reaction. The anterior pituitary 
gland (Plate II, fig. 3) gave a positive reaction. Some groups of 
cells seemed to react more strongly than others, but they could not be 
reconciled with any particular cell type. There were present two 
types of nuclei, those which possessed a number of large coarse black 
granules (B) and those which showed no staining of the nucleoli, they 
stained simply a diffuse dark brown (A). It is known that in both 
the chromophil and basophil cells of the anterior pituitary there are 
two kinds of nuclei, those with a coarse chromatin and those with a 
fine chromatin network.' It is probable that the two types of phos- 
phatase staining in the nuclei were an expression of this original 
morphological difference. In the adrenal of the guinea-pig (Plate II., 
fig. 4) the greatest reaction was given by the cells. Those of the zona 
glomerulosa stained deeper than those of any other zone. The inner 
part of the cortex gave no reaction at all. The distribution of the 
phosphatase was very similar to that of the distribution of the fat and 
cholesterol (with the exception of its high concentration in the zona 
glomerulosa). In this zone (glomerulosa) the nuclei stained diffusely 
and the cjdoplasm contained numerous rodlets and filaments. Towards 
the centre of the zona faseicuiata there were two types of cell, one type 
with diffuse staining nuclei and another with nuclei which contained an 
obvious stained reticulum. These two types of cells were not found 
in ail the specimens of guinea-pig adrenal examined. Some zona 
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fasciculata cells possessed dark granules between the “ lipoid droplets. 
There was some staining of the endothelial cells of the blood sinuses. 
The rat adrenal (Plate II, fig. 5) gave an entirely different picture 
from this. All the nuclei of all the cells stained faintly and diffusely. 
The most striking feature of the rat adrenal was the way the capillary 
network of the gland was picked out by the reaction. Nuclei and 
cytoplasm of the endothelial cells of the capillaries stained heavily 
and diffusely. The nuclei of some of the endothelial cells were very 
much swollen, and in some cases they almost blocked the sinuses. 
Many of the capillaries contained black granules in the lumen. 

Bone Marrow. — The nuclei of all the bone-marrow cells were 
positive. It was difficult to distinguish all the various types of 
cells, but there seemed to be a greater staining in the primitive 
granulocytes than in the primitive red cells. Megaloblasts gave a 
stronger reaction than other primitive red cells. The capillaries gave 
practically no reaction. 

Effect of Vitamin C Deficiency on the Phosphatase Reaction of Soft 
Tissues, — The kidney and the adrenal were used for these experi- 
ments. Six guinea-pigs were placed on a scorbutic diet for two weeks 
and were given graded doses of vitamin C by injection. One animal 
received 4 mg. of vitamin C and five others received 2 mg., 1 mg,, 
0*5 mg., 0*25 mg., and no vitamin C respectively. Sections of lridney and 
adrenal were treated in an identical manner but showed no difference 
in the intensity of their phosphatase reactions. Similar results of a 
quantitative nature for soft tissues have been obtained independently 
by Harrer and Kipg [1941] and Gould and Shwachman [1942]. 

Bone, — In normal femur, humerus, and parietal the phosphatase 
reaction appears to be restricted to the periosteum and the endosteum 
and to such superficially placed osteocytes and their processes as 
are reached by the substrate mixture and the subsequent reagents. 
The inorganic matter of the bone does not react with the cobalt- 
chloride and ammonium-sulphide reagents. The reaction in the 
periosteum appeared due to the osteoblasts and the capillaries. In 
some preparations some of the collagen fibres stained too. 

An investigation was carried out into the distribution of phosphatase 
at various stages after boring a hole in both femora. The hole was 
bored with a 1-mm, dentist’s twist drill and the operation was carried 
out aseptically. It has been shown .by Roche and Fillipi [1938 a and b ] 
that when a bone is injured there is an increase in the phosphatase 
content of the bones in the whole of the skeleton. This suggests that 
some hormone-like substance is liberated as a reault of the injury (it is 
of interest that Williams and Watson [1941] have shown that corti- 
costerone increases the phosphatase activity of bones). It may be of 
value to record at the same time the fact, mentioned in one of their 
early papers by Wolbach and Howe [1926], that if the bone of the leg 
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semenalis. The penis contained a few positive capillaries, but all else 
was negative. 

Urinary System .— In the ureter (Plate II, fig. 2) the distal portions 
of the superficial cells of the epithelium were almost devoid of phos- 
phatase. Proximal portions stained strongly. The cytoplasm of 
these cells and of those lying deeper in the epithelium was diffusely 
stained. The nuclei of all the epithelial cells gave a stronger reaction 
than the cytoplasm, and the reaction was of greater intensity in the 
nucleoli. Some cells showed scattered granules in the cytoplasm. In 
the bladder the superficial cells gave no reaction, hut the deeper cells 
gave a diffuse reaction in both nuclei and cytoplasm. The epithelium 
lining the kidney pelvis also gave a strong reaction similar to that 
found in the ureter. The kidney (Plate III, figs. 7 and 8) has been 
examined in both the guinea-pig and the rat. In both animals the 
* glomeruli did not stain, and the most intense reaction was given by the 
cells of the convoluted tubules. In the rat the whole cell stained, but 
the most intense reaction was localized in the outer border of the cell, 
and particular^* in the brush border. In manj* of the guinea-pig kidneys 
examined the reaction was restricted to the distal fifth of the cell. 
There was staining of the nuclei in man}" cells but the reaction was 
diffuse, and in very few nuclei was there any evidence of nucleolar 
staining. 

Endocrines . — The tigroid gave no reaction. The anterior pituitary 
gland (Plate II, fig. 3) gave a positive reaction. Some groups of 
cells seemed to react more strongly than others, but they could not he 
reconciled with any particular cell type. There were present two 
types of nuclei, those which possessed a number of large coarse black 
granules (B) and those which showed no staining of the nucleoli, they 
stained simply a diffuse dark brown (A). It is known that in both 
the cliromophil and basophil cells of the anterior pituitary there are 
two lands of nuclei, those with a coarse chromatin and those with a 
fine chromatin network.' It is probable that the two types of phos- 
phatase staining in the nuclei were an expression of this original 
morphological difference. In the adrenal of the guinea-pig (Plate II., 
fig. 4) the greatest reaction was given by the cells. Those of the zona 
glomerulosa stained deeper than those of any other zone. The inner 
part of the cortex gave no reaction at all. The distribution of the 
phosphatase was very similar to that of the distribution of the fat and 
cholesterol (with the exception of its high concentration in the zona 
glomerulosa). In this zone (glomerulosa) the nuclei stained diffusely 
and the cytoplasm contained numerous rodlets and filaments. Towards 
the centre of the zona fasciculata there were two types of cell, one type 
with diffuse staining nuclei and another with nuclei which contained an 
obvious stained reticulum. These two types of cells were not found 
in all the specimens of guinea-pig adrenal examined. Some zona 
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in the animal receiving 0*5 mg., and no staining in the scorbutic animal. 
Confirmation of these results were also obtained from the other femora 
which were passed through cobalt chloride and ammonium sulphide 
in the usual way. After decalcification and sectioning, microscopic 
observation showed that there was very much less deposition of black 
cobalt sulphide in the scorbutic than in the non-scorbutic animal. 
There was also less deposit of black material in the periosteum of the 
femora and the humeruses. 

These results indicate that there is less phosphatase in regenerating’ 
and intact bone in scorbutic than in normal animals. While these 
experiments were being carried out a paper was published by Gould 
and Shwaehman [1942] in which it was found by quantitative methods 
that there was a decrease in the amount of phosphatase in the bone in 
scurvy. 

Detailed observations were made of the distribution of phosphatase 
in the tissue filling the holes in the various femora (Plate II, fig. 6). 

* In one of the animals receiving 2 mg. vitamin C, the periosteum near 
the hole gave an intense reaction (P), due chiefly to the deep staining 
of the osteoblasts and the capillaries. The osteoblasts stained diffusely, 
and cytoplasm and nucleus stained with equal intensity. Some of the 
periosteal cells near the cartilage which had formed (c) gave a very 
strong reaction. It was observed that when the cartilage cells were 
hypertrophied and had little matrix around them they often stained 
with great intensity. In some cases when they were surrounded by 
quantities of matrix which had given a positive phosphatase reaction 
the cell itself contained very little of the enzyme, but a dense 
deposit could be seen at the boundary of the cell capsule and the 
matrix. The appearance was as if the cartilage cell (apparently 
derived either from a fibroblast or an osteoblast of the ‘periosteum) 
had charged itself with phosphatase (probably by synthesis) and then 
as it produced and excreted the cartilage matrix it excreted the jfiios- 
phatase with it. Other specimens of cartilage were found, however, in 
which the cartilage cells embedded in a matrix containing phosphatase, 
themselves contained a high concentration of enzyme. In those 
animals receiving the smaller doses of vitamin 0, fibroblasts were seen 
which were outlined with a black border, presumably due either to the 
synthesis of phosphatase there by the fibroblast jor its absorption from 
the medium. Other fibroblasts were found with one process stretched 
out imtil it had become an elongated thread which had stained black. 
Most of the fibres in the hole were found to give a positive phosphatase 
reaction, and these results indicate what may be the method of formation 
of these fibres — that is, the “spinning” of a phosphatase impregnated 
film of protein from the surface of the fibroblast. These results are in 
keeping with Daniellfs [1942] suggestion for the origin of tissue fibres. 

The osteoid trabeculse were composed of darkly staining fibres 
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of a scorbutic gmnea-pig is injured there is a temporary repair process 
initiated in the teeth, as if, according to Wolbach, injury to the bone 
caused the production of antiscorbutic substance in the body. It 
seems that this phenomenon was probably due to the increased 
phosphatase activity of the bony tissues brought about by the injury 
to the bone. 

In view of Roche and Fillipi’s results, pieces of parietal bone and 
a humerus were taken from an animal, the femora of which had been 
bored as described. Animals were killed 3 hours and 24 hours after 
the operation of boring the hole. The pieces of parietal and the 
humerus were fixed in alcohol for 24 hours, brought to water and 
incubated for 2 hours in Gomori’s substrate mixture, then treated with 
cobalt chloride, etc. No difference could be seen between the phos- 
phatase reaction of any of the bones, compared with those from a 
normal, either macroscopicall} 7 or microscopically. So if there is an 
increase in the phosphatase content of the skeleton after injury to the 
bone, either the injury made in these experiments was not severe 
enough or its detection requires a more accurate quantitative technique. 

There was no immediate concentration of phosphatase in the clot 
filling a hole bored in the femur (3 hours -after operation) nor was there 
any observable increase after 24 hours. By 24 hours there was an 
active migration of fibroblasts coming both from the marrow and the 
periosteum. They gave a negative phosphatase reaction. On the 
other hand, some cells in the marrow, the nature of which could not be 
ascertained with certainty, contained a dense aggregation of black 
granules. 

Attempts were next made to see if vitamin C deficienc}- inhibited 
the appearance of phosphatase in the hole. 

It is conceivable that this would be so, because it has been shown 
that the number of bony trabeculae forming in such a hole is directly 
proj)ortional to the amount of vitamin C the animal receives [Bourne, 
1942] and it is unlikely that there would be a considerable increase in 
the amount of phosphatase present until active formation of the 
trabeculae was beginning. For these experiments six guinea-pigs were 
taken and placed on a scorbutic diet; they were given supplemental 
doses of vitamin C of the same amounts as described above. At the 
end of one week of this r6gime a hole was bored in each femur and at 
the end of another week the animals were killed. Their femora 
were fixed in alcohol and subsequently incubated with Gomori a 
substrate mixture, and finally decalcified after treatment and sectioned. 
One femur of an animal on 2 mg. of vitamin C, one of ari animal on 
0*5 ing., and one of an animal receiving no vitamin C were incubated 
with Gomori’s reagent containing 0*01 per cent, of sodium alizarin 
sulphonate. After 1 hour’s incubation there was a strong pink-purple 
staining of the tissue filling the hole in the 2-ing. animal, a slight staining 
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Mid-albumen Region .-— The cuticular margins of the epithelial cells 
gave a positive reaction in both A and B. All the other tissues were 
negative. In A the blood-vessels were positive and in B they were 
negative. 

Isthmus near Uterus . — In both A and B there was a strong positive 
reaction of all blood-vessels. The epithelium was darker than the 
rest of the section. The cuticular borders of the epithelial cells were 
darkened. 

Uterus . — A. All the blood-vessels stained. The reaction was given 
both by the inner part of the wall and the endothelium. The red blood- 
cells present in the blood-vessels stained slightly. There was a slight 
darkening of the epithelium and the greatest intensity was given by 
the brush borders. 

B (Plate III, fig. 3). The epitheliurfi stained darker than any of 
the other tissues. The cuticular margins stained deeply. The nuclei 
of the epithelial cells contained granules (positive nucleoli). The 
phosphatase in the cytoplasm appeared diffused throughout the cell. 
Mucous secreting cells between the ciliated cells contained verj^ little 
phosphatase. Tubular glands in the corium (Plate III, fig. 5, and <c A” 
in Plate III, fig 3) showed positive granular nuclei, and the outermost 
portion of the distal regions of the cells of these glands contained 
numerous granules of positive material. 

Conrad and Scott [1938] state that shell deposition in the egg begins 
as soon as the egg reaches the uterus, therefore one would expect the 
uterus to contain more phosphatase than any other part of the oviduct, 
and this was the case, but there was not the intensity of reaction that 
one would have expected 'from a tissue capable of depositing such large 
quantities of calcium in the relatively short time required to produce 
an egg shell. Since a large percentage of the egg shell is calcium 
carbonate rather than phosphate, it seems that phosphatase may not 
play an important part in the mechanism of its deposition ; the present 
results support this suggestion. 

A further investigation was made of marine animals which produce 
a shell. One would expect a rather similar result to that obtained for 
the fowl oviduct, since a, rather large proportion of the shell of such 
animals is also calcium carbonate. 

A specimen of prawn (Leander) had a chitinous shell which appeared 
to have a considerable affinity for cobalt chloride, and it was therefore 
impossible to be certain of the presence of phosphatase. The membrane 
immediately beneath the shell gave only a slight reaction. The prawn 
possesses a lightly calcified cuticle, and that of a highly calcified form ; 
a lobster (. Homarus ) was therefore examined. The cells of the membrane 
beneath the shell showed positive nuclei but the cytoplasm was 
negative. These animals shed their exoskeletons periodically, and the 
formative membrane was probably inactive at the stage at which this 
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(Plate III, fig. 1), and in many cases appear to be aggregated around 
capillaries which gave a positive phosphatase reaction. In one specimen 
it was seen that fibroblasts near the boundary of the marrow and the 
tissue filling the hole gave a very slight or negative reaction — some 
dark granules were observed in their nuclei. In the tissue of the hole 
the fibroblasts were much darker, indicating an increase in the amount 
of phosphatase present in the cell. Practically all the fibres in the 
hole gave a positive reaction (Plate II, fig. 7), and even in the control 
sections many of them were dark, indicating the presence even at this 
early stage of preformed phosphates, but not apparently of true bone 
salt, which does not react with the cobalt chloride and ammonium 
sulphide used on the controls. Microscopically there was scarcely 
an y phosphatase reaction in the holes in the femora of the scorbutic 
animals, and even the periosteum gave a very much reduced reaction. 

In view of the importance of the question of the relationship of 
phosphatase to calcification and bone formation, a relationship which 
is by no means universally accepted, e.g. Lichtwitz [1042] in his recent 
book states “there seems very little probability that phosphatase 
plays a part in the process of calcification of bones,” it was decided 
to investigate the distribution of phosphatase in the tissues of other 
animals which are associated with calcification processes. 

The first animal examined was the laying hen. Peterson and 
Parrish [1939] have shown that the serum phosphatase of the hen 
increased by 30 per cent, during the period of shell formation, and it 
seemed desirable therefore to examine the oviduct of the hen during 
the laying period. Naturally it is at present difficult to obtain, and 
undesirable to use, a large number of la 3 r ing hens, but it was possible 
to obtain two which were approaching the end of the laying period. 
One was killed 3G hours after having laid a well-shelled egg and one 
was killed while there was a soft-shelled egg in the uterus and other 
smaller ones in the upper part of the oviduct. The oviduct of the fowl, 
as can be seen from Richardson’s [1934] illustration, can be divided 
into chalaziferous region near the ovary, followed by an albumen 
region, an isthmus, and a uterus. Sections were examined through 
these four regions in both fowls. Duplicate preparations were made by 
Gomori’s technique and b} T the alizarin modification previously described 
in this paper. The best preparations of the uterus were obtained by 
this latter method. The tissues from a hen which had laid an egg 
3G hours previously will be referred to ns A and those from a lien which 
contained eggs in the oviduct as B. 

Chalaziferous Region. — A. Most of the blood-vessels gave a positive 
reaction. Everything else, including the epithelium, was negative. 

B. All blood-vessels were negative. There was a general hut slight 
darkening of the epithelium. The cuticular margins of the epithelial 
cells gave the strongest reaction. 
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this is so, then we have an explanation of the presence of phosphatase 

in the mantle edge. J 

These results with Mylilus have also been duplicated with the 

Gastropod Mollusc Galliosioma. - 

Discussion. 

Phosphatase has been known for some time to be widely distributed 
in the body, both in tissues which ossify and in those which do not 
ossify. Although it is characteristic of this phosphatase that it can 
split glycerophosphate and other monoesters of phosphoric acid at a 
high pH (about 9-0), it is not known whether all these phosphatases 
are the same. Bodansky [1937], for example, showed that the activity 
of bone and kidney phosphatase was retarded by bile acids and that 
the intestinal phosphatase, as might be expected, was not. King and 
Hall [1930] have shown also that the phosphatase activity of bone and 
kidney of hens was reduced by feeding irradiated ergosterol. On the 
other "hand, Page and Reside [1930] found that in dogs irradiated 
ergosterol reduced the phosphatase content of kidney and intestine. 
The fact that Huggins [1931 a and b , 1933] found that pieces of urinary 
and gall-bladder epithelium transplanted into the rectus muscle sheath 
produced bone, suggests that the phosphatase of these organs are 
identical. Nevertheless that of the gall bladder is obviously not 
seriously affected by the presence of* bile salts, and therefore it is similar 
to that of the intestinal epithelium. These results all suggest an 
identity of the phosphatases which split monoesters of phosphoric acid. 

The presence of phosphatase in both nuclei and cytoplasm is of 
interest, and raises once more the question of identity of the phosphatase 
found in these two sites, and in particular of the function of the nuclear 
phosphatase. A so-called nucleotidase had been extracted from 
animal tissues by Levene and Dillon [1930] and others, and Polley and 
Kay [1936] consider this to be identical with the alkaline phosphatase 
of bone, kidney, etc. It seems possible that the alkaline phosphatase 
which is present in the nuclei of various cells is associated with the 
nucleic acid-nucleotide metabolism of the cell and with the ebb and 
flow of nucleotides to and from the nucleus and, cytoplasm [see White, 
1942]. It is of interest in this Connection that phosphatase is present 
in the chromosomes of dividing cells and that in the chromosomes of 
mitotic tissue culture cells practically all the phosphatase of the cell 
is located in or around the chromosomes [Willmer, 1942], It is of 
interest that Horning [1942] has stated that in the division of tissue 
culture cells practically all the mineral salts of the cell are aggregated 
in the chromosomes. 

# T be distribution of phosphatase in the different parts of the 
alimentary tract agrees with those obtained by other workers, although 
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specimen was examined; the membrane of an animal actively engaged 
in the process of forming a new skeleton would probably give a better 
result. It was thus decided to use animals in which there was 
a more continuous formation of shell. Two representatives of the 
Mollusca, the mussel (Mytilus}, and a Gastropod (Calliostoma) were 
examined. Even in the Mollusca the secretion of the shell takes place 
in cycles [Cooke, 1S95], but there is a greater possibility of striking 
an active stage of shell secretion in these animals. The mantle of 
these animals is responsible for the production of the shell, and the 
most active region is believed to be the mantle edge, and it is by constant 
deposition of shell from this part of the mantle that the shell grows in 
size. Manigault [1939 and 1941] found a direct correlation in Molluscs 
between liver, mantle, and blood phosphatase and calcium precipitation 
of the shell. x 

In Mytilus (Plate III, fig. 6) it was found that the mantle edge 
gave a very strong reaction, and a similar reaction but of lesser intensity 
was given by the control, indicating the presence of preformed phos- 
phate. In the phosphatase preparations the distal portions of the 
cells stained a deep diffuse black or brown and were filled with brown 
granules. A section of the mantle edge without incubation showed 
the presence of a number of black or brown granules, and in a section 
which was untreated, even b} r the control reagents, there were j^ellow 
and light brown granules in the cells. Tiiese granules were aggregated 
in the region of the Golgi apparatus, and in man}' cells they were so 
abundant as to fill most of the distal region of the cell. It is probable 
that a good deal of the brownish yellow colouring of these granules 
in the control preparations is due to the natural pigments contained 
in them. Gatenby and Duthie [1932] and Gatenby and Hill [1933] have 
found similar coloured granules in the mantle edge of Helix aspersa . 

In white specimens of Helix pomata they found that similar granules 
were present but that they were uncoloured. Theso authors also found 
a tendency for the granules to be aggregated in the region of the Golgi 
apparatus, that they were insoluble in fat solvents (they are present 
in Mytilus after fixation in SO per cent, alcohol), and that they went 
black after treatment with Da Fano’ Golgi technique. Tin's technique 
involves the use of silver nitrate, and this result suggests, therefore, that 
these granules contain calcium phosphate (see von Kossa’s test, though 
this is not necessarily specific). At any rate it seems likely that they 
represent granules of shell substance about to be secreted. If they are 
composed of calcium phosphate, then this suggests that the shells of 
molluscs should contain considerable quantities of this substance. 
Pelseneer [1906], however, states that in most molluscs the shell contains 
only about 1-2 per cent, of calcium phosphate. On the oilier hand, 
Plate [1922] claims that the calcium of the mollusc shell is secreted 
first as the phosphate and that it later changes to the carbonate. If 
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tion does not advance us much further in the consideration of the 
fundamental relationships between the two substances. This problem 
needs much more experimental work before it can be profitably 
discussed. 

Summary. 

1. Purtlier details of the staining of various organs by Gomori’s 
phosphatase technique have been given. 

2. A modification of the technique which involves adding sodium 
alizarin sulplionate to the substrate mixture has been described. 

3. A description has been given of the distribution of phosphatase 
in regenerating bone. 

4. It lias been found that phosphatase does not appear to be 
associated with the calcification of the ken’s egg. 

5. Phosphatase appears to play some part in the secretion of the 
shell of certain molluscs. 

6. The intensity of phosphatase staining of kidney and adrenal 
was found to he undiminished in scurvy, but the periosteum and 
regenerating bone were found to stain less intensely than normal in 
scorbutic animals. 
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neither of them mentions the staining of the brush border in the 
epithelial cells of the rectum. 

Magee and Reid [1931] originally showed that sugars were more 
efficiently absorbed in the presence of phosphate, and it was shown 
later by Lundsgaard [1933 a and 6] that phloridzin, which inhibits phos- 
phorylation processes, also inhibited the absorption of glucose from the 
intestine. This conception was later expounded' by Verzar [1936]. 
Sugar, to be absorbed, must first pass through the brush borders of the 
epithelial cells. Results obtained from this study and those of Gomori, 
and of Rabat and Furth, show that the brush borders of the cells in the 
small intestine are heavily impregnated with phosphatase. It is not 
known for certain whether the phosphorylation of the sugars is actualR 
carried out in the lumen of the intestine by phosphatases secreted there 
from the epithelial cells or coming from the bile (there is a considerable 
amount of phosphatase present in foeces), or whether the sugar is first 
adsorbed on to the surface of the cell or absorbed into the brush border, 
phosphorylated, and then passed into the interior of the cell. It is of 
interest that Horning [1942] has noted the aggregation of mineral 
salts at the borders of intestinal epithelial cells. The fact that glucose 
can be absorbed from the rectum and that the epithelial cells here 
contain phosphatase in the brush borders is of interest. 

Rabat and Furth [1941] discuss Lundsgaard’s theories in regard to 
sugar resorption by the kidne}^. Once again the distribution of 
phosphatase is in the brush borders (of the convoluted tubule cells). 
On the other hand, it is difficult to appreciate the significance of the 
localization of the phosphatase in the margins of the cells of the trachea 
unless perhaps the enzyme is associated with the phosphorylation 
processes involved in the movement of cilia. The ciliated cells of the 
fowl oviduct also have phosphatase localized in the cell margins. 

The wide distribution of phosphatase in the endothelial cells of tho 
vascular system, commented on by Gomori, and by Rabat and Furth, 
is one of the most striking results which have emerged so far from the 
histological studies of the distribution of phosphatase. We must agree 
with Rabat and Furth. however, that it is impossible to tell whether 
these results indicate that phosphatase is secreted into the blood by 
the endothelial cells or whether they absorb it from the blood. 

The disposition of phosphatase in regenerating bone lends further 
support to Robison’s original conception that it is associated with hone 
formation, and from the results obtained from the mollusc it appears 
to play some part- in other types of calcificatory phenomena also. 

Since the phosphatase activity of bone is decreased in scurvy it is 
of interest to consider wliat relationship may exist between vitamin C 
and the enzjune. There is, however, little direct evidence. Giri 
IT9391 has suggested that there is a balance between vitamin C, copper, 
and glutathione which regulates phosphatase activity, but this sugges- 
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. Fig. 4. Epithelium of rectum of guinea-pig. Strong staining of brush 
border and distal portion of cytoplasm, x 500. 

' Fig. 5. Gall bladder epithelium of guinea-pig. Intense staining of brush 
border. Faint staining of nuclei. Positive staining of bile on the right, 
x 500. 

Fig. 6. Positive capillaries in heart muscle of guinea-pig. x 250. 

Fig. 7. Positive capillaries in cerebellum of guinea-£ug. x250. 

Fig. 8, Lung of guinea-pig. The black dots are the strongly staining nuclei 
of the endothelial cells of the capillaries, x 500. 

Plate II. 

Fig. 1. Skin of guinea-pig. Strong staining of hair follicles. Staining of 
hairs spurious. Positive reaction by stratum granulosum of skin, x 25. 

Fig. 2. Epithelium of ureter of guinea-pig. Strong staining .of nuclei, 
x G25. 

Fig. 3. Anterior pituitary of guinea-pig. Two types of nuclear staining. 
Diffuse type (A); granular type (B). x625. 

Fig. 4. Adrenal of guinea-pig. Strong staining of peripheral cells. Nuclei 
positive, x 75. 

Fig. 5. Adrenal of rat. Strong positive reaction by capillaries. Slight 
staining of nuclei of cells, x 75. 

Fig. 6, Repair tissue in hole in guinea-pig femur after one week. Periosteum 
(P). Cartilage (C). Mass of fibrous tissue in hole (E), Developing trabecula 
(T). Marrow (M). x75. 

Fig. 7. H.P, fibres in the hole (fig. 6). x625. 

Plate III. 

Fig, L H.P. trabecula? in hole (see Plate II, fig. 6), Osteoblasts (0) with 
positive nuclei, x 125, 

Fig. 2. Periosteal trabecula? forming near the hole (Plate II, fig. 6). x25. 

Fig, 3. Uterus of fowl with soft-shelled egg in uterus. Staining of brush 
border. Staining of the inner portions of the distal cytoplasm of tubular gland 
cells in the corium (A). x250. 

Fig. 4, Cartilage near the hole (see Plate II, fig. 6). Positive cartilage 
cells, Some of matrix positive. x625. 

Fig. 5. Uterus of fowl (fig. 3). Tubular glands in corium. Stained by 
alizarin modification. Positive gland cell nuclei and staining of inner borders 
of cells. x625. 

Fig. 0. Mantle edge of Mytilus, Distal portions of cells of granules and 
phosphatase. At “A” aggregation of granules in the Golgi region may be 
seen, x 500. 

Fig. 7. Kidney of guinea-pig. Gomori’s technique. Reaction localized in 
distal edges of convoluted tubule cells. Glomeruli negative. x40. 

Fig. 8. Kidney of guinea-pig. Alizarin added to substrate mixture. 
Staining fainter but same distribution as in fig. 7. x 40. 
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EXPLANATION OF PLATES. 

All the tissues figured in these plates show the results of the application of 
the phosphatase reactions. In no case has any other stain been used. 

Plate I. 

Fig. 1. Epithelium of duodenum of guinea-pig, showing staining of inner 
and outer edges of brush border. In some cells staining of outer portions of 
distal cytoplasm present. Nuclei of epithelial cells faintly stained. Nucleus 
of lymphocyte in the epithelium (A) gives a much stronger reaction, x 500. 

Fig. 2. Epithelium of jejunum of guinea-pig. Strong staining of distal 
cytoplasm of cells and of outer edge of brush border, x 500. 

Fig. 3. Epithelium of colon of guinea-pig. Strong staining of underlying 
capillaries. Negative reaction by epithelial cells (A), x 500. 
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A STUDY OP THE DISTRIBUTION OP SULPHANILAMIDE. 
. By Pranic Alexander. Prom the Department of Pharma- 
cology, University of Edinburgh. 

(Received Jor publication Bth November 1942.) 


The therapeutic effect of a drug such, as sulplxanilamide depends on the 
presence of an adequate concentration of the drug at the site of action ; 
the latter is governed by the way in which the drug is distributed in 
the body. Marshall et ah [1937] showed that, in the dog, sulphanilamide 
was evenly distributed through all the tissues, excepting bone and 
fat, four hours after oral administration. From these results it may 
be deduced that the concentration of sulphanilamide in the tissues is 
equal to its concentration in the blood. However, Hansen [1940] found 
that in the blood the concentration of sulphanilamide was higher in 
the corpuscles than in the plasma, and Riser and Valdigue [1939], 
using dogs, found that the concentration of this compound was higher 
in the brain and temporal muscle than in the blood. Marshall’s ex- 
periments were carried out with dogs, and he found that these animals 
differed from most others in that they did not acetylate sulphanilamide. 
The object of the present investigation was to study the distribution 
and metabolism of sulphanilamide in animals which acetylate this 
compound. 

Methods. 

Sheep, rabbits, and mice were used in this investigation. A 
0*5 gm./lOO ml . solution of sulphanilamide in saline was injected intra- 
venously in sheep. They were placed in metabolism cages so that 
the urine could he collected. Blood was withdrawn from the sheep at 
fixed intervals, and at the same time the cage was well washed, the 
washings being made up to a known volume. The same solution was 
injected intravenously in rabbits which were then placed in metabolism 
cages. At intervals after the injection, groups of rabbits were killed 
by stunning and bleeding to death and their tissues analysed. The 
same solution was injected intravenously in mice which were then 
placed in individual metabolism cages constructed from Buchner 
funnels. The mice were killed, the cage washed, and the sulphanilamide 
in the whole mouse and its excreta determined. 

Estimations of the sulphanilamide content of the blood and urine 
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Table II. 


Slieep 

No. 

Dose, 
mg. /kg. 

Time, 

hours. 

Blood cone. 
mg./lOO ml. 

Amount 
remaining 
in body. 

Distribu- 

tion 

volume. 

Body 

wt. 




Free. 

Total. 

mg. 

Litres. 

kg. 

368 

68-7 

1 

5-40 

7*35 

1187 

16*1 




6 

3*20 

4-24 

1040 

24*5 

18-2 



24 

0-24: 

0*40 

831 

207-7 


359 

49-3 

1 

5*54 

6*00 

1064 

17*7 

i 



6 

2-28 

3*20 

834 

26-0 

22-7 


] 

24 

0-04 

0*48 

460 

95*7 


361 

90*0 

1 

9-84 

12*40 

2160 

17*4 




5 

5-80 

8*20 

I860 

22*7 

25*5 



24 

1*00 

1*90 

1570 

78*4 


360 

41-0 

1 

4*84 

5*54 

1009 

18*0 




5 

2*86 

4*00 

869 

21*7 

26*0 



24 

0*40 

0*50 ‘ 

483 

96*6 


394 

163*9 

1 

17*60 

19*20 

4250 

20*2 




5 

9*10 

12*00 

3600 

' 30*0 

26*0 



24 

2*00 

6*52 

2237 

34*3 


Babbit 








No. 








8 

57*1 

3 

1*20 

2*53 

73*6 

3*0 

1*7 

9 

53-3 

6 

0*50 

1*22 

76*0 

5*6 

1*5 

10 

76*9 

24 

0*52 

0*64 

34*6 

5*4 

1*3 

7 

51*4 

48 

. 

0*00 

0*50 

65*5 

13*1 

1*8 


Table III. — Recovery of Total Selphanil amide from the Urine. 


Animal. 

Time, 

hours. 

Total Drug 
recovered 
from 

excretions. 

t 

Dose, 

mg. 

Sheep 

72 

Ber cent. 
80*8 

1120 


96 

56*4 

1250 


96 

41*5 

2250 


96 

61*2 

1062 

Rabbit 

72 

66*9 

100 


72 

50*4 

100 


96 

78*6 

100 
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were made by the method of Bratton and Marshall [1939]. The tissues 
were analysed by grinding weighed quantities of minced tissue with 
four volumes of 15 per cent, trichloracetic acid, allowing tp stand for 
at least one hour* then adding 1 ml. of 4N hydrochloric acid to each 
20 ml. of the mixture. The whole mixture was filtered and the 
estimation made on the filtrate by the method of Marshall and 
Bratton. 

Results. 

Table I shows the recovery of known amounts of sulphanilamide 
added to various tissues. Table II shows the concentration of free 
and total sulphanilamide in the blood, determined at intervals after 
the injection. The amount of drug remaining in the body is calculated 
by subtracting the amount excreted in the urine from the amount 
administered; it is assumed for this calculation that that excretion 
is only by the kidney and that none of the drug is destroyed. The 
volume of distribution is calculated from the formula : 

Volume of __ Amount of drug remaining in the body (mg.) 

distribution Concentration of total drug in the blood (mg./litre) 

The volume of distribution may be defined as the volume of fluid 
through which the amount of drug in the body would be evenly distri- 
buted if the concentration in that fluid was the same as that in the 
blood. 

Table I. — Recoveries of Added Quantities of Sulphanilamide. 


Tissue. 

Sulphanilamide 

added. 

mg./lOO gm. tissue. 

Amount 
recovered. 
mg./lOO gm. tissue. 

Liver 

Liver 

Kidney . 

Minced mouse . 

Minced mouse . 

Minced mouse . 

Minced mouse . 

LOO mg./ 100 gm. 
1*00 mg. 

1*00 mg. 

2*00 mg. 

2 ’00 mg. 

2-00 mg. 

1*00 mg. 

0-98 mg./lOO gm. 
L02 mg. 

0-97 mg. 

! 1*92 mg. 

2-02 mg. 

2-04 mg. 

0-95 mg. 


From Table II it will be seen that although the values obtained 
for volumes of distribution one hour after the injection may be explained 
on the hypothesis of an even distribution of the drug through the body 
water, the values obtained at longer intervals cannot be accounted for 
on this theory. This being the case, either the drug is not distributed 
evenly through the body water or it is changed into a form which is 
not estimated by diazotization. 
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being retained in the tissues, the possibility of the fixation of the drug 
by the tissues was then investigated. The results are shown in 
Table IV. It will be seen that the concentration in the liver and 
kidneys is higher than in blood. Tbe concentration in the kidney is 
very high during the first six hours, this is probably due to some urine 
in which the drug is concentrated being included with the tissue. 
Table V shows the ratio of concentration of drug in the tissues to the 
concentration in the blood; with the liver this figure increases with 
time. 

As the amount of sulphanilamide retained by the tissues was too 
small to account for the difference between the dose given and the 



Fig. 1. — Relationship between percentage recovery and time. 


quantity recovered from the urine, the possibility of the substance 
being changed *in the body to a form not estimated by diazotization 
was next investigated. 

Mice, injected intravenously with a solution of sulphanilamide, 
were placed in individual metabolism cages. They were killed at 
intervals and the total quantity of sulphanilamide in the mouse and 
in the excreta estimated. The results obtained are shown in Table VI. 
The validity of the method was checked by killing a group of mice 
immediately after injection, in this way more than 90 per cent, of the 
dose was recovered. Whereas, mice allowed to live for longer intervals 
show lower recoveries. Three hours after the injection a loss of 30 per 
cent, of the dose was observed, and a similar figure was obtained from 
experiments in which the animals were allowed to live 24 to 48 hours. 
The relationship of the percentage of the dose in the animal to that 
in the excreta and to the total recovery is shown in fig. 1. 
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Table III shows the percentage of the dose recovered by the 
time the concentration of sulphanilamide in the blood and in the' 
urine was too small to estimate. 

As the discrepancy in the volumes of distribution and the incomplete 
recovery of the drug from the urine could be explained by the drug' 

Table IV. — Concentration of Sulphantla&iibe in Rabbit Tissues. 


Time, 

hours. 


3 Total 
Free 

3 Total 
Free 

3 Total 
Free 

6 Total 
Free 

6 Total 
Free 

6 Total 
Free 

2 4 Total 
Free 

24 Total 
Free 

48 Total 
Free 

48 Total 
Free 

48 Total 
Free 

72 Total 
Free 

72 Total 
Free 

72 Total 
Free 


mg./100 gm. tissue. ■ 


Blood. 


2- 53 
1*20 

4-36 

2-66 

3- 24 
1-22 

1-22 

0*50 

1*20 

0-44 

2*60 

0*90 

0*70 

0*00 

0*64 

0*52 

1*20 

0*76 

0*16 

0*00 

0*50 

0-00 

0-00 

0-00 

* 0*00 

0*00 

0*28 

0*18 


Liver. 


3*00 

1*40 

5*28 

2*34 

3*88 

1*24 

1*42 

1*22 

1*42 

0*82 

2*92 

1*70 

1*10 

0*80 

0*96 

0*42 

1*80 

1*10 

0*50 

0*50 

1*10 

0*90 

1*10 

0*84 

1*04 

0*96 

1*14 

0*78 


Kidney. 


6*37 

1*94 

10*08 

6*00 

8*29 

2*53 

4*42 

1*S2 

2*24 

0*86 

6*00 

2*64 

0*54 

0*00 

0*36 

0*55 

1*28 

0*76 

0*20 

0*00 

2*10 

1*24 

0*40 

0*00 

0*84 

0*40 

0*61 

0-43 


Brain. 


1-54 

1*10 

3*00 

2*94 

1*50 

1*22 

0*82 

0*62 

0*70 

0*70 

1*20 

M0 

0-00 

0*00 

0*35 

0*24 

1*92 

0*50 

0-08 

0-00 

0*00 

0*00 

0*00 

0*00 

0*00 

0*00 

0*31 

0-24 


Muscle. 


2*16 

1*30 

5*08 

4*40 

2*93 

1*36 

0*90 

0*90 

0*90 

0*74 

2*24 

1*10 

0*22 

0*00 

0*55 

0*47 

1-56 

0*30 

0-06 

0-00 

0*50 

6*00 

0*20 

0*10 

0*20 

0*00 

0*50 

0*37 


Bose, 

mg./IOO gm. 


5*71 

5*00 

4*65 

5*33 

4*25 

5*71 

3*95 

7*69 

4*65 

6*25 

5*14 

3*57 

4*25 

6*66 
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second hours would be occupied by absorption, and his observations 
at the fourth hour correspond to the first and second hours after 
intravenous injection. 

It was also noticed that a part only of the dose given could be 
recovered from the urine. Fuller [1937], using rabbits, could only 
recover a fraction of the dose given from the urine. 

The disparity in the calculated distribution volumes and the low 
recoveries of the drug from the urine, allows of two explanations: 
either the drug is not evenly distributed throughout the body water 
that is, some is fixed by the tissues — or it is destroyed or changed into 
a form not estimated by diazotization. 

The possibility of the compound being fixed by the tissues was 
then investigated, and it was found that some of the substance was 
fixed by the liver and kidney. However, the amount of drug which 
could be accounted for in this way was too small to supply the deficit 
between the dose and the quantity recovered from the urine. The 
destruction of the drug in the body was next studied, and it was found 
that, within three hours after the injection, a variable proportion of 
the compound had been destroyed or changed into a form not estimated 
by diazotization even after acid hydrolysis. Some evidence for the 
formation of oxidation products of sulplianilamide has been given by 
Rimington and Hemming [1939] and Shelswell and Williams [1940], so 
that a part at least of the fraction not accounted for in the experiments 
described may be converted into one of the compounds suggested by 
these authors. The loss of sulplianilamide all occurs in the first few 
hours while there is a high concentration in the body, it ceases when 
the concentration falls. 


Summary. 

1. The concentration of sulplianilamide in the blood, one hour after 
intravenous injection, corresponds to an even distribution of the drug 
throughout the body water. The apparent volume of distribution, 
calculated six hours or more after the injection, becomes greater than 
the volume of the body, 

2. A part only of the dose given can be recovered from the urine. 

3. Estimations of the sulplianilamide content of rabbit’s tissues, 
made at various intervals after intravenous injection, show higher 
concentrations in the liver and kidney than in the blood. 

4. About 30 per cent, of the drug was destroyed in the body, so that 
it could not be detected by diazotization even after hydrolysis. 

I wish to express my indebtedness to the late Professor A. J. Clark, 
Professor J. H. Gaddum, and Dr G. A. Levvy for their helpful advice 
and criticism. I should like to thank Dr J. Russell Greig for facilities 
to conduct experiments at the Animal Diseases Research Association 
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Table V.— Concentration of Total Drug in Tissue/Concentration 

in Blood. 


Time, 

hours. 

Liver/Blood. 

Kidnejr/Blood. 

Brain/Blood. 

Muscle/Blood. 

3 

1*2 

2*2 

0*6 

0*8 


1*2 

2*3 

0*7 

1*2 


1*2 

2*5 

0*5 

0*6 

6 

1*2 

3*6 

0*7 

0*7 


1*2 

1*9 

0*6 

0*7 


1*2 

2*3 

0*5 

0*8 

24 

1*5 

0*8 

o*o' 

0*3 


1*5 

0*6 

0*5 

0*9 

48 

1*5 

1*1 

1*6 

1*3 


3*1 

1*2 

0*5 

0*4 


2*2 

4*2 

0*0 

1*0 

72 

cc 

0*0 

cc 

oc 


cc 

0*0 

cc 

cc 


2*2 

. 1*1 

2*0 

4*0 


Table A 7 !. — The Percentage of Dose recovered from the Whole 
Animal and Excreta. 


\ 

Time, 

hours. 

Number of 
observations. 

Percentage recovered. 

Body. 

Excreta. 

Total. 

0 

9 

92*2 ± 0*75 

0*0 

92*2 ± 0*75 

4 

13 

84-5 ± 4-5 

3*2 ± 3*7 

88-0 ± 3-7 

ii 

7 

62*0 ± 1*4 

17*6 ± 6*8 

79-4 ± 5-4 

3 

8 

31*6 ±4*4 

33*2 ± 3*5 

65-0 ± 3-9 

24 

7 

8*5 ± 1*1 

62*4 ± 3*5 

70-9 ± 4-0 

48 

5 

6*7 ± 1*3 

61*0 ± 4*6 

67-7 ± 4-9 


Discussion. 

The experiments show that while the volume of distribution of 
sulphanilamide calculated at the end of one hour after the injection 
may be explained on the hypothesis of an even distribution through 
the body water, the values obtained at longer intervals of time do not 
allow of this explanation. Marshall et al. [1937] found that, in the 
dog, sulphanilamide was evenly distributed through the body water. 
Since Marshall gave the drug orally and killed the dogs four hours 
later, the apparent contradiction may be explained; the. first and 













EFFECT OF VITAMIN Bl ON SURVIVAL TIME AFTER 
HAEMORRHAGE AND APPLICATION OF COLD. ,By 
W. d’A. Maycook. From .the Army Blood Supply Depot. 

(, Received for publication 9 th November 1942.) 

Blotevogel and Tonnutti [1939] stated that patients suffering from 
second and third degree burns of the extremities, and burns of the 
hand and face (severity not described), who were treated with vitamin 
Bl (10 mg.) and 10 percent, glucose solution recovered more rapidly 
with less scarring than patients not so treated. Vitamin Bl and 
glucose were chosen as therapeutic agents because they increase the 
glycogen content of the liver. In burns the liver exhibits serous 
inflammation and a diminished glycogen level. Blotevogel and 
Tonnutti hoped in this way to maintain or increase the detoxicating 
property of the liver. They report, in addition to the apparently more 
rapid recovery of their patients, that pain was lessened after the injection 
of the vitamin. 

Drury [1940], in a small number of rabbits, showed that vitamin Bl 
seemed to ameliorate their condition following the application of an 
injurious stimulus, to he described later. The experiments performed 
by Drury have been repeated with slight modifications, to ascertain 
whether vitamin Bl would be of value in combating the effects of 
haemorrhage and cold in rabbits. During the course of these experh 
ments Govier and Greer [1941] have produced evidence that vitamin Bl 
prolongs the life of dogs subjected to haemorrhage, prevents or lessens 
hepatic glycogenolysis and decreases the amount of keto-acids observed 
in the blood after various types of shock. The reason for a relative 
deficiency of the vitamin in the condition studied by Govier and 
Greer (shock following haemorrhage) is not clear; they suggest that 
bleeding may in some way decrease the available amount of vitamin Bl 
in the tissues; but they also emphasize that the increases observed in 
blood sugar and keto-acids may be quite unrelated to the “shock 
syndrome” itself. 

Methods. 

Babbits weighing between 1 and 3 kg. were used. They were of 
no particular breed and were fed before operation on a mixed diet of 
bran and fresh vegetables. More recently bran has been omitted from 
the diet because of the difficulty in obtaining it. 

29 ° 
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Laboratories. Part of the expenses of this research were defrayed by 
the Moray Fund of Edinburgh University. The work was performed 
during the tenure of a Studentship for Research in Animal Health. 
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Vitamin B1 and Haemorrhage 
- ' Results. 

The results in the first series of the experiments are shown in Table I. 

Of 10 untreated animals 3 survived: death rate 70 per cent. 

„ „ treated „ 5 „ : „ 50 „ 

The difference between these small groups is not significant. It was 
noticed that the treated animals seemed to make a more rapid clinical 
recovery. The effects of the anesthesia passed off more quickly and 
the treated animals sat up or moved about in their cage 1-2 hr. before 
the untreated animals were able to raise themselves from the prone 
position. This observation was made even in experiments Nos. 30 
and 31, in which, although treated, the animals died within 12 hr. 

It seemed therefore that vitamin B1 might be exerting only a 
temporarily beneficial effect upon the animals 5 condition and that the 
. criterion of successful treatment adopted,- survival of the animal, was 
too severe. A second series of experiments was therefore performed in 
which transfusions were given 3 hr. after completion of the operation, 
when the beneficial effect of vitamin B1 was still apparent. If vitamin 
Bl were responsible for the clinical improvement it was to be expected 
that the number of survivals in the animals receiving vitamin Bl 
and transfusions would be significantly greater than the number of 
survivals in animals receiving only transfusions. 

Preliminary experiments were performed to find the amount of 
blood which could be transfused into rabbits without lowering the 
mortality rate too greatly. It was decided to transfuse half the volume 
of blood withdrawn. 

Accordingly a transfusion equivalent to half the volume of blood 
previously removed was given to each of 20 rabbits, 10 of which bad 
received intravenous injections of vitamin Bl after completion of the 
operation. 

The results obtained in the series of experiments are shown in 
Table II. Of 10 rabbits which received transfusions but no vitamin Bl 
6 died: death rate 60 per cent. Of 10 animals which received both 
transfusions and injections of vitamin Bl 5 died: death rate 50 per cent. 

The difference- between these small groups is not significant. The 
slight improvement in the survival rate of animals receiving transfusions 
but no vitamin compared with that of the animals which were not 
transfused and received no vitamin is not significant and is of the same 
order as that seen when groups of animals receiving vitamin are com- 
pared with those not receiving vitamin in both series. 

An examination of the survival period of the animals in each group 
which died did not reveal any significant prolongation of life in those 
treated with vitamin Bl. 

Vitamin Bl was not given in doses directly proportional to the body 
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Anaesthesia was produced in earlier experiments by the intra- 
, peritoneal injection of Nembutal (Abbot) 35 mg./kg. In later, experi- 
ments chloroform was used to 'induce anaesthesia, followed .by ether. 

After shaving the abdomen and groin, the right femoral artery was 
exposed aseptically, and cannulated. Blood equivalent to 1-6 per cent, 
of the body weight was rapidly removed. The abdomen was then 
opened aseptically. The small intestines and ctecum were withdrawn 
and placed in a small rubber bag around which small cubes of ice 
were packed. A rubber bag was Used to prevent the possible absorption 
of fluid in the peritoneal area. The cooling process was continued 
until the rectal temperature had fallen to 32° C., after which the 
intestines were replaced in the peritoneal cavity and the abdominal 
and inguinal incisions closed with continuous silk sutures. The rabbit 
was returned to its cage in the animal room, in which the temperature 
ranged between 16° C; and 21° C. The animals began to recover 
from the anaesthetic 1-2 hr. after the completion of the operation. 
Those which eventually died usually remained huddled ~ in the cage, 
the legs splayed apart and the head resting on the floor; they made 
no effort to eat. Some animals, which subsequently died within 
24 hr., made a more complete recovery, sitting up normally and moving 
about. After some hours they relapsed and lay in the prone position 
until death. The animals which survived were usuaLty sitting up 
5-6 hr. after they had recovered from the anaesthetic and began to 
eat on the day following the operation, and in 3 or 4 days were clinically 
normal. All surviving animals were killed on the 6th day after 
operation. 

It was noticed that the rectal temperature fell. rapidly to as low as 
28° 0. after the intestines had been replaced in the peritoneal cavity, 
and might remain low for some hours after the animal was sitting up. 

Haemoglobin and hasmatocrit determinations on samples of blood 
(2 e.c.) drawn from the femoral artery were made during the experiment . 
Post-operatively the haemoglobin level was determined in blood 
obtained by pricking the marginal vein of the ear. 

In some experiments the blood pressure was measured in the 
central artery of the intact ear with a Grant’s capsule. The ear was 
warmed before each reading until the vessels appeared to be v fully 
dilated. 

In the treated animals, vitamin Bl (Benerva) was injected intra- 
venously i— 1 hr. after completing the operation, in doses ranging from 
2-5 mg. (the solution contained 5 mg. per c.c.). The volume of fluid 
injected was so small that it was considered unnecessary to inject a 
similar volume of fluid without vitamin Bl into the untreated animals. 

In some animals a transfusion of blood equal to half that removed 
was given 2-3 hr. after the closure of the abdomen. It was not possible 
to make any observation on the biochemical changes in the blood. 
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OBSERVATIONS ON THE EFFECTS OF RENAL ISCH2EMIA 
UPON ARTERIAL PRESSURE AND URINE FLOW IN THE 
DOG. By E. B. Verney and Marthe Vogt . 1 From the 
Pharmacology Laboratory, Cambridge. 

( Received for publication 11 th November 1942.) 


The experiments to be described in this paper were planned in order 
to follow closely, in the dog, the changes produced by compression of 
the renal artery in the arterial blood pressure and in the secretion of 
urine during water diuresis ; and they have been extended with a view 
to discovering whether or no the liver plays a paramount role in the 
inactivation of the pressor substance liberated by ischtemic renal tissue. 

Methods. 

Fully grown bitches were used, and they were prepared for blood- 
pressure measurement by the method of the carotid loop with denervated 
sinus [see Verney and Vogt, 1938 6]. When the animal had been 
trained to lie quietly on a warmed table, and the arterial pressure 
readings were constant from day to day, a compression unit wa's 
implanted around a renal artery (usually the right) at its origin from 
the aorta. 

Three types of compression unit have been used. 2 That most 
frequently employed has been described by Rydin and Verney [1938; 
see fig. 17 in their paper]. The fine pressure-tube extension was, 
however, covered with a weave of fine silk (diam. 150 p.) over which 
a thin coating of latex was then deposited : injection of liquid into the 
tubing thus caused quantitative expansion of the rubber membrane, 
which later lay in apposition with the renal artery. Each unit was 
roughly calibrated before use by selecting a piece of rubber tubing of a 
size to fit snugly into the arterial channel of the bakelite block, and 
perfusing it with water at pressures varying between 150 and 200 mm. 
Hg. The volumes of injected liquid needed definitely to arrest and to 
slow the perfusion flow were then determined. They were of the order 

1 Alfred Yarrow Research Fellow of Girton College while this work was being 

done. b 

2 These units have been made for us by Messrs. C. F. Palmer (London) Ltd 
We wish to record our gratitude to Mr. E. W. H. Ellis for the care he has taken 
in the detail of their construction. 
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Vitamin Bl and Haemorrhage 

weight, hut, since the* heavier rabbits did not die, and the lighter ones 
survived, it would not seem that any different result would have been 
obtained had the doses been chosen according to weight. 

In Table I the rabbits which died had an average weight of T86 kg. 
and received 2*26 mg./kg. vitamin, while those that survived had an 
average weight of 2*26 kg. and received 1-35 mg./kg. vitamin. In 
Table II the corresponding values are 1-57 kg. and 3-10 mg./kg.; 
2-21 kg. and 2*02 mg./kg. vitamin. 

It will be noticed that the time of exposure of the intestines to cold 
necessary to lower the rectal temperature to 32° C. varies considerably 
from animal to animal in each group, but no obvious relationship 
between this period of time and the survival or death of the animals 
is apparent. 

Hcemoconcentration was observed in only 4 experiments (Nos. 15 
and 21 in the series of untreated animals in Table I, and Nos. 52 and 
58 in the series of treated animals in Table II). This is in* contrast 
with the experiments reported by Drury in which hmmo concentration 
amounting to 10-20 per cent, was observed after the operation. In 
fact the rapidity with which hmmo dilution occurred after bleeding is 
striking in almost all the animals observed. 

Summary. 

Under the experimental conditions described it has not been possible 
to demonstrate that vitamin Bl exerts any significant beneficial effect 
upop the survival rates of rabbits subjected to bleeding and the applica- 
tion of cold to the intestines. 

Transfusion, equivalent to half the blood removed, 3 hr. after 
hsemorrhage, has no significant effect upon the survival rate. 


REFERENCES. 

Blotevogel, H., and Tonnutti, E. (1939). Klin. Wschr. 18, 471. 
Drury, A. N. (1940). Personal communication. 
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compression is released, depends upon the elasticity of the rubber 
tube E, and this return may be assisted by applying a slight negative 
pressure by means of a syringe attached to the end of- the extension 
tube. We shall refer to this unit as Type II. Two modifications of 
this have occasionally been used when the production of prolonged 
partial obstruction of the renal artery has been desired. In the one, 
the rubber tube F (fig. 1), the silver cjdinder J, and the main block B 
are each 2 mm. longer, and the piston surface adjacent .to the artery is 
scooped, so that when the piston is at the end of its thrust the lumen of 
the artery is only partially reduced. In the other, the extension tube 
consists in a fine closely wound nickel steel spiral, 1 mm. in internal 
diameter, one end of which is soldered to the boss K (fig. 1), the other 
to a 2-cm. length of fine silver tubing; the spiral is covered by a thin 
rubber tube, and this in turn by a weave of fine' silk and a thin coating 
of latex. The silver piston is bored centrally, and the bore is counter- 
sunk at its opening in the scooped surface of the piston. Through the 
bore is passed a thread of No. 4 silk knotted at the end, and the knot is 
pulled into the countersink and covered in with silver solder. The free 
end of the silk is then threaded through the block E and the extension 
tube. The rubber tube E is of such a length that the piston is thrust 
firmly to the extreme of its travel, and the piston is brought back and 
held in the position shown in fig. 1 by pulling the silk thread, and fixing 
it to the end of the extension tube. When the unit has been implanted, 
partial obstruction of the renal artery is effected by releasing the thread, 
and decompression of the artery by tightening it again. 

A third type of unit is illustrated in fig. 2. The extension tube has 
the same construction as that in the Type II modification which has 
just been described. The unit is made of silver, and partial obstruction 
of the renal artery is effected by the rotation of a cam (D, fig. 2). The 
cam is operated by two threads which are fixed at E, F', and lie in the 
slot H ; their free ends are threaded through the boss G and the extension 
tube. Traction on the thread attached at E rotates the cam through 
90° from the position shown in the figure, and so diminishes the size of 
the arterial channel A: the cam is brought back to its original position 
by traction on the thread attached at F'. The surface of the cam is so 
shaped that it rides smoothly across the arterial wall as this is being 
compressed. Ascending infection, after implantation of the unit, is 
prevented by injecting along the extension tube a little warmed phenol 
ointment at the time of the operation. We shall refer to this unit as 
Type III. 

The unit selected was implanted by the technique of Rydin and 
Verney [1938], The extension tube from the unit was conducted to 
the exterior through either uterine Tiorn, that route being chosen 
which ensured the minimum displacement of the renal artery from its 
natural position. When the contra-lateral horn was selected, this was 



36 


Verney and Vogt 

of 100 and 50 c.mm. respectively. This type of unit has been used 
in the majority of experiments; but it should be recognised that 
although such units are mechanically satisfactory for occlusion of the 
renal artery for short periods, they are less so for partial obstruction 
for long periods: liquid injected up the extension tubing in a volume 
sufficient to produce partial obstruction is, as the observations recorded 
later show, incompletely recoverable when it is released after periods 
t varying from half an hour to seven hours. The degree of obstruction, 
therefore, -is probably diminishing during these periods. When the 
effects of prolonged obstruction of the renal artery were to be followed, 
the extension tubing was clamped after the requisite volume of liquid 



Fig. 1. — Compression unit. Type FL A: channel for renal artery i B: bakelite 
block 21 x 10 x 10 mm. C: bakelito wedge. D: silver piston. E: silver block. 
F : rubber tube. G: cylindrical channel into which the piston slides to compress 
the artery. H: silver plate securing E within the silver cylinder J. K: boss to 
which extension tube is attached. 


had been injected, and the end of the tubing was closed by inserting 
into it, and fixing hy ligature, a short silver wire. The clamp was then 
removed, and the end of the tubing tucked away in the vaginal fornix. 
We shall refer to this unit as Type I. \ 

A second type, which we have sometimes used, is illustrated in 
fig. 1 . The extension tube is of the same construction as in Type I, 
and this tube, together with the expansion chamber of the unit, is 
similarly ‘filled with liquid when the unit is assembled. Liquid injected 
through the extension tubing causes the piston D (fig. 1) to move in 
an anterior direction and to compress the renal artery lying in the 
channel A. As In Type I, the volumes of liquid necessary to cause 
complete occlusion of, and partial obstruction in a tube lying in the 
arterial channel A, were determined before the unit was implanted; 
they were of the order of 110 and 50 c.mm. respectively. In this type of 
unit, the return of the piston to the position shown in fig. 1 when the 
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operations "were performed under ether ansesthesia with full surgical 
precautions. 

No. 183. 4.3.38 : denervated carotid loop made. 22.4.38 : unit — Type I— 
implanted at origin of right renal artery; left kidney removed, fundus of 
bladder excised [see Rydin and Verney, 1938], and self -retaining catheter 
left in bladder-stump. 7.5.38: signs of intermittent ureteric obstruction 
appeared. 10.5.38: laparotomy; ureter freed, and unit replaced by another 
of the same type ; uninterrupted recovery. # 

No. 196, 13.5.38: denervated carotid loop made. 8.6.38: unit — Type I 

implanted at origin of right renal artery; extension tube passed dorsal to 
I.V.C. and aorta, and into left uterine horn; left kidney excised. 16.6.38: 
splanchnic nerves on each side divided as they entered the abdomen. 

No. 208. 25.11.38: denervated carotid loop made. 20.1.39: unit—' 
Type I — implanted at origin of right renal artery, and held adjacent to aorta 
by ligature passing around aorta between origins of renal arteries; extension 
tube passed dorsal to I.V.C. and aorta, and into left uterine horn; all visible 
nerve filaments on right renal artery and vein divided, and stripped from the 
vessels; right splanchnic nerves exposed' by dividing peritoneum attaching 
upper pole of kidney to liver; bilateral section of splanchnic nerves. 27.1.39: 
left kidney removed through lumbar route. 15.3.39: right kidney lifted 
from its bed by dividing between ligatures all its attachments other than the 
artery, vein and ureter; all ancillary vessels were by these means divided, 
along with all nerve filaments; kidney replaced in its natural position by 
tying together each pair of ligatures between which the perirenal tissue had 
been divided. 

No. 219. 17.2.39: denervated carotid loop made. 25.4.41: unit — 

Type I — implanted at origin of right renal artery, and held adjacent to aorta 
by ligature passing around aorta between origins of renal arteries ; extension 
tube passed dorsal to I.V.C. and aorta, and into left uterine horn; all visible 
nerve filaments on right renal artery and vein divided, and stripped from the 
vessels; right splanchnic nerves exposed by dividing peritoneum attaching 
upper pole of kidney to liver; bilateral section of splanchnic nerves. 2.5.41: 
left kidney removed through lumbar route. 

No. 181. 28.1.38: denervated carotid loop made. ' 16.2.38: unit — 

Type I — implanted at origin of left renal artery; extension tube passed between 
aorta and I.V.C., and into the right uterine horn; fundus of bladder excised, 
and self-retaining catheter left in bladder-stump ; right kidney removed. 

No. 206. 21.10.38: denervated carotid loop made. 16.11.38: unit — 

Type I — implanted at origin of right renal artery; extension tube passed 
dorsal to I.V.C. and aorta, and into left uterine horn; right kidney denervated; 
bilateral section of splanchnic nerves; left kidney removed. 

No. 238. 18.7.39: unit — Type II — implanted at origin of right renal 
artery, and held adjacent to aorta by ligature passing around aorta just posterior 
to origin of left renal artery; extension tube passed dorsal to I.V.C. and aorta, 
and into left uterine horn; right kidney denervated; bilateral section of 
splanchnic nerves. 

No. 257. 13.1.40 : unit — Type III — implanted at origin of right renal artery, 
and held adjacent to aorta by ligature passing around aorta just posterior to 
origin of left renal artery; extension tube passed dorsal to I.V.C. and aorta, 
and into left uterine horn; right kidney denervated; bilateral section of 
splanchnic nerves. 

No. 258. 25.1.40: unit — Type III — implanted at origin of right renal 
artery ; upper end of extension tube held against aorta by two ligatures passing 
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usually reached by passing the tubing dorsal to both inferior vena cava 
and aorta. The implantation of the unit always involved the section 
of a proportion of the renal nerves ; and mention will be made in each 
instance in which complete denervation of the kidney or section of the 



Fig. 2. — Compression unit, Type III. Below, sectional plan; above (left), 
section through XX' and (right) section through YY', looking in direction of 
arrows. The sectional plan is a section through ZZ' looking in the direction of 
the arrows. A: arterial channel. B: silver block. B': silver side cap. 

C: silver cap. D: silver cam. E: silver spindle. F, F': countersinks for 
knotted ends of threads passing to the exterior through the slot H, the boss G, 
and the extension tube. 

splanchnic nerves was carried out in addition. As a rule, the kidney 
on the side opposite to that on which the unit had been implanted was 
excised either at the time of this operation or, and then the lumbar 
route, some da}^s later. 

We propose now to give a short description of the operative pro- 
cedure in each of the animals before and during the periods in which 
the effects of obstruction of the renal artery were observed. All the 
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urine flow showing close temporal accord. Although a little tat and 
albumen were detected in the first few samples of urine after release of 
the artery, the amount of albumen varying directly with the period of 
preceding occlusion, they rapidly disappeared in subsequent samples; 
•and in the experiment where occlusion of the renal artery was main- 
tained for 10 minutes, a trace only of albumen was present 40 minutes 



Fig. 3. — Reft: the effects of occlusion of the right renal artery for 30 sec. (A), 

120 sec. (B), an cl for 300 sec. (C), in dog 183, on 30.4.38; 200 c.c. of water by 
stomach tube 170 minutes before, and 250 c.c. 16 minutes before zero time. 

Ft interval of two days. At D the artery was occluded for C00 sec. on 2,5,38; 

250 c.c. of water by stomach tube hours before, and 300 c.c. 130 minutes before 
zeroitime. Right: the effects of occlusion of the right renal artery for 600 sec. 

(E), in dog 196, on 22.6.38; 270 c.c. of water by stomach tube 175 minutes before, 
and 260 c.c. 15 minutes before zero time. Closed circles: urine flow. Open 
circles: systolic blood pressure. Ordinates: right and left, urine flow in 
C.C./15 min.; intermediate, blood pressure in mm. Hg. Abscissas: time in 
minutes and hours. 

after the release of the artery. On no occasion was haemoglobin 
detected in the urine. As will be seen from tlie figure, occlusions of the 
renal artery for periods from 30 to 600 sec. in this animal were neither 
accompanied nor followed by any appreciable change in arterial 
pressure. In another animal (No. 196) s in which a similar operation 
had been performed, occlusion of the renal artery for 10 minutes, 
fourteen days after implantation of the unit, was accompanied and 
followed by suppression of urine for a total period of 36 minutes, 
without there being an appreciable change in arterial pressure (fig. 3, 
right-hand side). The persistence of the suppression of urine for 
26 minutes after the release of the occluding pressure, may be connected 
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around aorta posterior to left renal artery; extension tube passed into right 
uterine horn, the upper part of which is excised; right Jddney denervated; 
bilateral section of splanchnic nerves. 30.1.40; operation for reduction of 
intussusception; recovery. 

When the animal had fully recovered from the operation of inu 
plantation of the compression unit, it was given 250 or 300 c.c, water 
by stomach tube, a self-retaining catheter was introduced into the 
bladder, the dog was laid in a comfortable position on a warmed table 
and, after the external end of the extension tube had been suitably 
prepared for subsequent compression of the renal artery, blood-pressure 
readings were taken repeatedly from the carotid loop. When a satis- 
factory base line of arterial pressure had been obtained and diuresis 
was at its height, the renal artery was complete^ or partially obstructed 
for varying periods, and the effects of these procedures on arterial 
pressure and diuresis were followed. 

On a few occasions, the effects of compression of the renal arterj' 
on the arterial blood pressure were directly recorded by means of a 
cannula introduced, under local anaesthesia and with aseptic precautions, 
into a branch of the femoral artery, the technique being the same as 
that described in a previous paper [Verney^and Vogt, 1938 6]. 

In a few dogs, the compression of the renal artery was accompanied 
by excitement, and the blood pressure rose immediately. Such animals 
were, of course, useless for our purpose, but bilateral section of the 
splanchnic nerves usually abolished these sensory reactions. With the 
others the smoothest curves of blood-pressure response were obtained 
in those experiments in which the animal fell asleep, and was apparently 
unconscious of the manipulations. 

Operative procedures on animals other than those to which we have 
just referred, will he described in their appropriate contexts. 

Results. 

The Effects of Short biit Complete Obstruction of the Renal Artery. 

We propose, first, to describe the effects of complete occlusion of the 
renal artery for periods ranging between 2 and 300 (rarely 600) seconds, 
taking for this purpose the results obtained in five animals; Nos. 183, 
196, 208, 219, and 181. In fig. 3 (left-hand side) are shown the effects 
of arterial occlusions for 30, 120, and 300 sec. eight days, and for 600 
sec. ten days after the implantation of a compression unit in dog 183. 
The one half -minute occlusion caused no suppression of the flow of 
urine, the two-minute occlusion caused suppression for 3 minutes, the 
five-minute for 8 minutes, and the ten-minute occlusion caused suppres- 
sion for 13 minutes. The recovery of urine flow was in each instance 
rapid and complete. These results conform with those described by 
Rydin and Verney [1938], the arterial occlusion and suppression of 
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by stomach tube 5 minutes before zero time. C: arterial occlusion for 2 sec. on 
15.2.39; 300 c.c. of water by stomach tube 150 minutes before, and again 
lo minutes before zero time. D, E, F, G, and H: arterial occlusions for 10, 10, 
10, 30, and 120 sec. respectively on 2.3.39 during water diuresis, J and Iv: 
arterial occlusion for 120 and 180 sec. respectively on 18.3.39; 130 c.c. of water 
by stomach tube 110 minutes before, and 280 c.c. 50 minutes bofore zero time. 
I.: interval of two days. M: interval of fifteen days. N : interval of sixteen 
days. Closed circles: urine flow. Open circles: systolic blood pressure. 
Ordinates: left, urine flow in c.c./15 min.; right, blood pressure in mm. Hg. 

Abscissae: time in minutes and hours. 
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with the fact that the resting blood pressure was raised, or that the 
splanchnic nerves had been divided six days earlier. When the flow 
of urine returned, the first sample contained fat, haemoglobin, and a 
large amount of albumen, and a few granular casts were seen in the 
centrifuged deposit. Subsequent samples contained fat, haemoglobin, 
and albumen in rapidly diminishing amounts. The experiments on 
these two animals show that occlusion of the renal artery for periods 
up to 10 minutes may lead to no appreciable change in the arterial 
blood pressure, even when the flow of urine is suppressed for as long 
as 36 minutes, and when the damage to renal function is so severe as 
to lead to the temporary appearance of casts, blood, and albumen. 

Quite different responses to short periods of arterial occlusion were, 
however, obtained in three other animals (Nos. 208, 219, and 181). In 
No. 208 the splanchnic nerves were divided, and the right renal vessels 
stripped of all visible nerve filaments when the unit was implanted. 
Twelve days later, occlusion of the renal artery for 120 sec. was followed 
by suppression of urine for more than 3 hours; and when a catheter 
specimen of urine was taken 18 hours after the occlusion, it was found 
to contain fat, albumen, and red blood corpuscles. The arterial blood 
pressure, which before occlusion was between 100 and 110 mm. Hg, 
had risen to 120 mm. 5 minutes later, and gradually rose^ to reach 
140 mm. 40 minutes after the occlusion/ The pressures 2 hours, 
4 hours, and 6f hours after the occlusion were 146, 137, and 118 mm. 
respectively. Eight days later the experiment was repeated, and the 
results are shown in fig, 4 (above). As is seen, the arterial occlusion 
was followed by suppression of urine for 3£ hours. The rapid recovery 
of urine flow was accompanied by the appearance in the urine of fat 
and albumen and red blood corpuscles, and the albumen had almost 
vanished 35 minutes after the flow of urine began to return. During 
the period of suppression of urine, the blood pressure was definitely 
raised, and its course is plotted in the figure. Three days later, the 
effects of occlusion of the renal artery for 30 sec. were determined, and 
the results are shown in fig. 4 (below; left). The blood-pressure and 
urine -flow responses were similar to those of arterial occlusion for 
120 sec., hut of shorter duration; and it was found that occlusion for 
so short a period as 2 sec., although leaving the course of blood pressure 
unaffected, suppressed the urine flow for as long as one hour (fig. 4, C). 
Fifteen days after the experiment illustrated by fig. 4 C, the effects of 
occluding the renal artery for 10, 30, and 120 sec. were again determined. 
They are shown in fig. 4 at D, E, and F, G, and H; the prolonged after 
effects which were observed earlier have now completely disappeared, 
the urine flow being merely transitorily inhibited, and the blood pressure 
not being appreciably affected. The results have thus become similar to 
those obtained in dogs 183 and 196 and illustrated in fig. 3. They were 
the same when the experiment was repeated the following day, and again 
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wine observed in these animals are due to some change witliin the 
kidney elicited by the short periods of arterial occlusion, and persisting 
long after the occluding pressure has been withdrawn. The view that 
this' change is a long lasting vasoconstriction, is supported by the 
finding that the responses resemble those to prolonged but partial 
obstruction of the renal artery, produced at a time when the prolonged 



Big. 5. — Dog 181. A and B: occlusions of 'the left renal artery for 30 see. and 
15 sec. respectively on 28. 2. 38; 250 c.c. of water by stomach tube 3 hours 
before, and 300 c.c. 22 minutes before zero time. E: interval of four days. 
C: arterial occlusion for 5 sec.; 250 c.c. of water by stomach tube 4 hours before, 
and again 2 minutes before zero time* Closed circles: urine flow. Open circles: 
systolic blood pressure. Ordinates and abseissre as in fig. 4, q.v. 


effects of short periods of occlusion have disappeared (see fig. 6). We 
have not enough information to sanction inference of the conditions 
upon which these prolonged effects of short periods of arterial occlusion 
depend. It may be that as a result of division of the sympathetic 
supply (No. 208), or impairment of the blood supply (No. 181), or both 
(No. 219), nerve elements in the hilum of the kidney become super- 
sensitive in the sense that short periods of asphyxia lead to long lasting 
constriction of the small intrarenal vessels, a supersensitivity which 
later disappears. Experiments have not been made earlier than nine 
days after the unit has been implanted; and both the prolonged 
suppression of urine and the prolonged rise in blood pressure have been 
observed when the renal artery has been occluded for short periods 
(5 to 120 sec.) between nine and twenty-three days'after the operation. 
Although there is usually temporal accord between the blood-pressure 
and urine-flow responses, the two effects, are dissociable (see fig. 4, C) : 
the former disappeared before the latter in animal 208, in which the 




44 


Yerney and Vogt 

sixteen daj's later (fig. 4, J and K), on this last occasion three days 
after ligation of all vessels ancillary to the renal artery and vein, and 
division of any nerve fibres which had escaped section when the unit 
was implanted or had regenerated since. 

An attempt was made to repeat this experiment as closely as possible in 
another animal, No. 219. Thirteen days„ after implantation of the unit — 
the operation, as in No. 208, was accompanied by bilateral division of the 
splanchnic nerves, and 'by the stripping of the right renal vessels of all visible 
nerve filaments — the arterial pressure was 170 mm. Hg; the unit was a little 
too small for the artery, and the high resting pressure was an expression of 
this. The renal artery was occluded for 120 sec., and the arterial pressure 
which, during the 30 minutes before the occlusion, varied between 170 and 
174 mm. Hg, climbed to 195 during the succeeding 10 minutes, and remained 
between 18S and 194 for a subsequent period of 2 hours 10 minutes. It then 
gradually fell to reach a value of 168 mm. Hg two hours later. The rate of 
urine flow, 5 c.c./lo min. before the occlusion, varied between 0-1 and 0*7 
c.c./15 min. during the period of raised blood pressure, and then climbed to 
3*4 c.c./lo min. during the period of recovering blood pressure. Although the 
resting blood pressure of this animal was raised, and the urine contained 
macroscopic blood throughout the experiment just described, the prolonged 
and parallel effects on blood pressure and urine flow of this short period of 
occlusion resemble those observed in animal 208. 

The remaining animal (No. 181) in which the effects of short 
complete occlusion of the renal artery were determined, also reacted by 
prolonged suppression of urine accompanied' by raised arterial pressure. 
When the unit was being implanted, no attempt to denervate the 
kidney was made, and the splanchnic nerves were not divided. The 
blood pressure of this animal before operation was 120 mm. Hg. Three 
days after operation it had risen to between 140 and 150 mm., and 
never returned to the normal level. The raised pressure was presum- 
ably due to the fact, as disclosed at the post-mortem examination, that 
the position of the unit was such that the renal artery was kinked 
between its origin and its entry into the unit, the vessel thereby being 
partially obstructed at this site. Nine days after the operation, the 
effects of occlusion of the renal artery for 30 sec. were determined on 
two occasions. Suppressions of urine flow for 17’ and 21 minutes, 
accompanied by rises in pressure from 152 to 170 mm. Hg and from 
147 to 197 mm. Hg respectively, were encountered. Fig. 5 illustrates 
the urine-flow and blood -pressure responses of this animal to arterial 
occlusion for 30, 15, and 5 sec. The results shown in the left part of 
the figure were obtained twelve days, those in the right part sixteen 
days after the implantation, and the responses are seen to be directly 
related in degree to the period of arterial occlusion. The resting 
pressure of this animal was gradually rising, and the suppression of 
urine flow by short periods of arterial occlusion disappeared, although 
their effects on the arterial blood pressure persisted. 

Evidently the prolonged rise in blood pressure and suppression of 
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first detectable about 10 minutes after the renal artery is first com- 
pressed, reaching a value of about 30 mm. Bg during the period of 
obstruction, and vanishing about 50 minutes after the compression is 

released * 

In two other animals (206 and 183), the effects of partial obstruction 
of the renal artery for periods longer than in dog 208 were observed: 



Fig. 6. — Dog 208. O: occlusion of right renal artery for 120 sec. on 13. 3. 3D. 
At C the renal artery was partially obstructed, and at It the obstruction was 
released. 200 c.c. of water were given by stomach tube 190 minutes before, and 
300 c.c. 15 minutes before zero time. L: interval of 7 days. At C' the renal 
artery was partially obstructed on 20.3.39, and at R' the obstruction was 
released. 250 c.c. of water were given by stomach tube 150 minutes before, and 
300 c.c. 20 minutes before zero time. The scales above C, C' and R, R' represent 
the volumes of liquid injected into and recovered from the unit during com- 
pression and decompression of the renal artery: each division represents 10 c.mm. 
Closed circles: urine flow. Open circles: systolic blood pressure. Ordinates and 
abscissae as in fig. 4, g.v. 


they, too, are recorded in Table I. The periods varied between 2 and 
7 hours, and it is probable that the degree of obstruction was somewhat 
less than in dog 208, seeing that the latent period of the onset of the 
rise in pressure was usually a little longer, and the degree of rise usually 
a little less. Moreover, the urine flow was usually inhibited; only 
occasionally was it suppressed. The duration of recovery in arterial 
pressure from these longer periods of obstruction is, however, definitely 
more prolonged. The phenomena are illustrated in fig, 7; in which 
the results of two of the experiments on dog 183 are recorded, results 
which have already been briefly reported elsewhere [Verney and Vogt, 
1938 6; Verney, 1939]. In the one — continuous lines in the figure — 
the resting animal's pressure (open circles) was 120 mm. Hg. Fifteen 
minutes after zero time, 300 c.c, of water were given by stomach tube. 
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resting pressure was normal; and in animal 181, in which the resting 
pressure was raised, the latter effect disappeared, but the former 
persisted up to the time when the animal was lolled. It seems to ns 
that further insight into the nature of these apparently anomalous 
responses can best be obtained through the method of the renal artery 
loop,- recently described by Lockett, O’Connor, and Verney [1942]. 
We are here content to record the phenomena, leaving their proper 
interpretation to the results of future work. 

When, however, the effects of partial but prolonged obstruction of 
the renal artery are investigated, they r are seen to be much more uniform 
and intelligible than those just described. To these we now propose 
to turn. 

The Effects of Prolonged but Partial Obstruction of the Renal Artery . 

The observations were made on six dogs, Nos. 208, 206, 183, 238, 
257, and 25S, the effects of short occlusions of the renal artery in Nos. 183 
and 208 having already been described. 

In fig. 6 are given the results of two experiments on dog 208, those 
on the left having been obtained five days, those on the right twelve 
days after those recorded at J and K in fig. 4. At 0 (fig. 6) the renal 
artery was occluded for 120 sec.: during the next two minutes the 
urine flow was zero, and it then rapidly rose towards its value before 
the occlusion. At C the renal artery was partially obstructed: the 
urine flow was strongly inhibited, and remained so until the arterial 
obstruction was released at R; it then mounted rapidly^ the increase 
in rate being observed as early as 30 sec. after the release. A rise in 
arterial pressure was detected 11 minutes after the renal artery was 
obstructed, and a plateau was reached about 15 minutes later. The 
pressure persisted at this raised level for 5 minutes after the release of 
the obstruction, but 10 minutes later it had definitely fallen, and 15 
minutes after this it had attained its normal value. Two days later, 
the kidney was freed from its bed by dividing between ligatures all its 
attachments other than the renal artery, renal vein, and ureter; and 
it was then restored to its original position by tying together each pair 
of ligatures between which the perirenal tissues had been severed. 
This ensured the division of all ancillary vessels and of any renal 
sympathetic nerves which were not divided .when the unit was implanted, 
or had since regenerated. Five days after this operation, an experiment 
similar to that illustrated in the left part of fig. 6 was performed, and 
closely comparable effects were observed: they are shown in the right 
part of the figure. The results of all experiments comprising partial 
obstruction of the renal artery in this animal (20S) after the prolonged 
effects of short occlusion had disappeared, are collected in Table I. 
The figures show that partial obstruction of the renal artery for periods 
of about 40 minutes is accompanied by an increase in arterial pressure. 
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longer period, or the rate of its inactivation or excretion is less than 
after ischemia of shorter duration. These factors may share responsi- 
bility for the phenomenon,' and the definition of their respective roles 
must await chemical identification of the pressor agent, and methods 
for its estimation in the blood and urine. 

The damage to the kidney by these degrees and durations of partial 
obstruction of the renal artery is not severe, since albumen lias been 
detected in the urine for periods of not more than about 30 minutes 
after release of the obstruction. Blood has been observed only rarely 
in the centrifuged deposit; but fat, described elsewhere as appearing 
after short occlusions of the renal artery [Verney and Vogt, 1938 a], has 
been regularly seen as a cloud in the urine secreted just after release of - 
the obstruction. No rise in pressure has been observed unless the urine 
flow has been at least strongly inhibited by the arterial obstruction. 

It seemed to us that an indication of the part played by normal 
renal tissue in modifying the blood-pressure responses to temporary 
renal ischaemia might be given by determining the results of ischaemia of 
the one kidney when the other was in situ. In three animals, then (238 i 
257, and 258), the effects of partial obstruction of one renal artery were 
observed when the contra-lateral kidney was present. The splanchnic 
nerves on each side were divided, and the kidney to whose artery the 
compression unit was being applied was completely denervated. During 
the observations, the blood pressure was recorded by means of a cannula 
introduced, under local anaesthesia and with aseptic precautions, into a 
branch of the femoral artery. The results of these experiments are 
given in Table I, and illustrated by the tracing in fig. 8. As may be 
seen, the arterial pressure, which is initially steady at about 138 
mm. Hg, is beginning to rise 6 minutes ( b , fig. 8) after tbe commence- 
ment (first arrow) of the period of obstruction of the renal artery, and 
has reached a value of 155 mm. after 18, and 174 mm. Hg after 30 
minutes of renal ischaemia. Ten minutes after release of the compression 
(second arrow), the arterial pressure is 162 mm. Hg, and it reaches its 
original level within the next 15 minutes. The latency of the rise in 
pressure recorded in two of these animals (238 and 257) is a little less 
than that observed by the carotid loop method in dogs 208, 206, and 
183, and the degree of ischaemia was probably greater; but although 
the periods of ischaemia and the increases in blood pressure are similar 
to those in dog 208, the periods of recovery in the two experiments on 
dog 23 S are somewhat shorter, a result which suggests that the normal 
kidney is excreting, inactivating, or depressing the formation of the 
pressor agent. Indeed, in the third animal (258) no change in pressure 
was observed from a degree of ischaemia which, in the absence of the 
contralateral kidney, would probably have resulted in hypertension. 
The figures are too few to warrant conclusive statement, and it seems 
to us that this can best be reached through the method of the renal 
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At C x 40 c.mm. fluid were injected into the compression unit; 12 minutes 
later the pressure was rising, and it reached a value of 160 mm. 70 
minutes after the compression of the renal artery was begun. The 
v urine flow (black circles) was strongly inhibited, but was not suppressed. 
At the renal artery was decompressed, and the arterial pressure 
gradually fell to reach its normal value about 9 hours later. In the 
other experiment — broken lines in the figure — 250 c.c. of water were 
given by stomach tube 195 minutes and 300 c.c. 50 minutes before zero 



Fio. 7. — The effects of partial obstruction of the right renal artery in dog 183 
on 21.5.3S (continuous lines) and on 24.5.38 (broken lines). Ordinates: left, 
urine flow in c.c./15 min.; right, blood pressure in mm. Hg. Absciss®: time in 
hours. For further description, see text. 


time. The resting animal’s pressure (open circles) was again 120 mm. 
Hg. At C 2 30 c.mm. of fluid were injected into the compression unit; 
18 minutes later the pressure was rising, and it reached a value of 
135 mm. 30 minutes after the compression of the renal artery was begun. 
The urine flow (black circles) was considerably reduced. At I the renal 
artery was decompressed, and immediately afterwards 40 c.mm. of fluid 
were injected into the compression unit. A further rise in arterial 
pressure followed this manoeuvre; and after the renal artery was 
finally decompressed (R 2 ), 4 hours elapsed before the arterial pressure 
had fallen to its normal value. The much longer periods of recovery in 
these animals, compared with those observed in dog 208, are apparently 
due to the longer periods of ischaemia to which the kidneys have been 
subjected. We infer, therefore, that under such circumstances either 
the production of the pressor agent by tbe kidney is continued for a 
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rises in blood pressure. We hoped to obtain this information by 
temporarily obstructing the blood supply to kidneys which had been 
transplanted to the neck, the pressure in the renal artery thereby 
becoming susceptible to direct measurement. Braun -Menendez and 
Fasciolo [1940] have recently reported that obstruction of the arterial 
supply to a kidney grafted to the neck of a chloralosed and nephrecto- 
inised dog produces, in 2 to 7 minutes, an increase of 8 to 30 mm. Hg 
in the arterial pressure, an increase which subsides when the obstruction 
is released. 

In our experiments the kidneys were taken either from chloralosed 
or from decerebrated donors and grafted to the necks of animals which 
had been decerebrated under ether anaesthesia, the period of anaesthesia 
having been about 20 minutes, and at least 2 hours having elapsed 
between the decerebration and the transplantation of the kidneys. 
The neck of the recipient was prepared by dissecting one carotid and 
one jugular vein, or both carotids and jugulars, and fitting the vessels 
with Payr’s cannube. The kidneys were obtained from the donors in 
one of two ways. In the one, they were freed from all connexion 
with the body other than the renal artery and vein and the ureter, 
rapidly excised, and the vessels were immediately anastomosed with 
the neck vessels of the recipient. In the other, the animal was eviscer- 
ated, and the aorta and inferior vena cava were mobilised by tying 
and dividing all their branches and tributaries between the suprarenals 
above and the pelvis below, other than one or both renal arteries and 
veins. The posterior ends of the aorta and cava were then anastomosed 
with the carotid artery and jugular vein of the recipient, and the trans- 
plantation was completed by dividing between ligatures both the aorta 
and the cava anterior to the renal vessels. This procedure has been 
described by Govaerts [1929], and while it involves more handling of 
the kidney than does the former method, interruption of the renal 
blood supply is avoided. In some experiments a kidney was trans- 
planted to the neck of the same dog by the former of the two methods. 
The renal blood flow was reduced by compressing the anastomosed 
carotid by means of a mechanical device. The renal arterial pressure 
was measured by a membrane manometer connected with the anterior 
end of the excised aortic segment, and the general arterial pressure by a 
mercury manometer connected with the femoral artery. 

Six ‘such experiments were made with the following results. In 
four nephrectomised recipients, severe obstruction of the blood supply 
to the transplanted kidney produced small rises in arterial pressure, 
viz. between 7 and 18 mm. Hg. In one of these animals the anastomosed 
carotid was compressed at different times after the nephrectomy : when 
this was done a few minutes after the removal of the kidneys, no rise in 
pressure occurred, but rises were observed when it was repeated 2 and 
again 4 hours later. The smallest effect was obtained by obstructing 
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artery loop [Lockett, O’Connor, and Verney, 1942], in that a greater 
and more enduring control over the degree of arterial obstruction is 



Fig. 8. — Femoral arterial pressure in dog 238 on 29.7.39. At the arrow in a 
the right renal artery was compressed, and the compression was released at- the 
arrow in c. Between a and b t b and c, c and d> intervals of 4 minutes; between 
d and e, e and/, intervals of 8 minutes; between / and g, an interval of 12 minutes. 
Time signal: 30 sec. The dog was asleep during the first 56 minutes of the blood 
pressure record, and apparently quite unaware of the compression and de- 
compression of the renal artery; it awoke during the tracing g. For further 

description, see text. 

offered by this than by the methods through which the results here 
described have been obtained. 

Experiments on the Production of Hypertension by obstructing 
the Renal Arterial Supply in non-surviving Animals. 

The experiments so far described give no information on the degree 
of reduction in renal arterial pressure needed to elicit rapidly occurring 
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responses obtained in the living animal. A further resemblance lay in 
the absence of response when the recipient had not been deprived of its 
own kidneys: in the survival experiments the effects on the blood 
pressure of compression of a renal artery in the presence of the contra- 
lateral kidney were, as already reported, probably smaller than in its 
absence. 

The foregoing observations, then, have shown that local reduction 
in the pressure of blood supplied to a kidney transplanted from a 
chloralosed or decerebrated donor to the neck of a decerebrated and 
nepkrectomised recipient, produces a rise in the general arterial pressure 
as rapidly as does compression of the renal artery by means of a unit 
implanted in the living dog. The degree of rise in pressure is, however, 
much less; and it is unknown whether this is due to the abnormal 
condition of the kidney, of the recipient, or of both. The smallness of 
the responses renders the method unsuitable for the provision of accurate 
information on the conditions of their production: their occurrence with 
transplanted kidneys, however, removes doubt as to the humoral nature 
of the phenomenon, and suggests, therefore, that the cause of the rapid 
blood-pressure response to compression of the renal artery by means 
of an implanted unit is the same as that of the persistent hypertension 
from permanent obstruction of the renal artery by operative procedures, 
a phenomenon which has been shown to be of humoral origin. 

( We mentioned above that in a' single experiment in which the arterial 
pressure was raised by obstructing the blood supply to a transplanted 
kidney, the pressure returned to its original level within 12 minutes 
of the removal of the ischaemic kidney. Since the animal had no other 
kidney, the pressor agent was evidently being inactivated in the body. 
Similarly, extirpation of a chronically ischaemic kidney is followed by a 
gradual fall in blood pressure to the normal value, whether or no the 
animal is in possession of its other kidney [Rodbard and Katz, 1939]. 
We, too, have observed such a fall to result from functional exclusion 
of the sole remaining kidney in an animal hypertensive from renal 
ischaemia. In this animal [No. 171, see Verney and Vogt, 1938 6, 
pp. 269-270], the posterior primary branch of the left renal artery was 
tied at a first operation, but the ancillary supply and drainage were 
left intact. Thirty-five days later the ancillary vessels and further 
branches of the left renal artery were tied, and a month later the right 
kidney was removed. The resultant hypertension gradually decreased, 
doubtless owing to the redevelopment of an ancillary blood supply, 
and at the end of three months the arterial pressure was 136 mm. Hg, 
A further operation was then performed, consisting in the implantation 
of a fine Bowden tube [Verney, 1930] protected externally by a thin 
rubber sheath, and containing a central thread the end of which was 
looped around the renal artery ; the whole ancillary supply and drainage 
was tied. As a result of this operation the arterial pressure, measured 
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one renal artery after transplanting a pair of kidneys to the neck; and 
in three control experiments in which the animals were in possession of 
them own kidneys, or at least one of them, no change in arterial pressure 
followed obstruction of the arterial supply to the transplanted kidney. 

The time-course of the effects produced hy ischaemia of a trans- 
planted kidney is illustrated by the data in Table II. These were 
obtained from a dog decerebrated G hours and nephrectomised uni- 
laterally 2 hours before the observations were begun; the dog’s second 
kidneys was transplanted to the neck 100 minutes before the first 


Tabu: II. 



Time. 

B.P. mm. Hg. 

Obstruction of blood suppty to kidney: urine 
' flow suppressed * 

Rise in B.P. becoming significant 

Maximum B.P. reached .... 

Obstruction released ..... 
Return of urine flow ..... 
Original level of B.P. reached 

6.06 p.m. 
6.12 „ 

! 6.27 ,, 

6.41 „ 

6.48 ♦, 
7.01 „ 

138 

144 

156 

156 

I 148 

138 


arterial compression. In this experiment the pressure was rising 
significantly within 6 minutes, the maximum was attained in 21 minutes, 
and approximately the same period elapsed between the release of 
compression and the return of blood pressure to its original level. The 
urine flow began to recover 7 minutes after the release, and at this time 
a significant fall in arterial pressure had already appeared. 1 Similar 
results were obtained when, 13 minutes later, this experiment was 
repeated. Instead, however, of releasing the arterial obstruction when 
the plateau of raised pressure was reached, we removed the ischaemic 
kidney : the blood pressure fell even more rapidly than in the previous 
experiment, and had reached its original level within 12 minutes. 

In order to produce rises in blood pressure in these non-survival 
experiments, the obstruction of the renal artery needed to be so severe 
as to suppress the urine flow : suppression or strong inhibition of urine 
floAV also occurred, as reported earlier in this paper, in experiments 
on the surviving animal. Indeed, the pressure in the renal artery was 
reduced to values between one-half and one-third of the original arterial 
pressure. When the compression was released, the urine flow recovered 
within a few minutes, and fat was observed in the urine as in the survival 
experiments. There was no difficulty in reproducing these effects 
several times, and their time-courses were similar to those of the 

i The results given in fig. 6 (right) of a survival experiment on dog 208 show 
time-courses of blood pressure and urine flow in close accord with these. 
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after an incision had been made along each, the veins were anastomosed by 
two continuous sutures of very fine silk sterilised in vaseline. On release of 
the damps, any small 'ooze of blood from the site of the sutures was arrested 
by fine ligature, and .the thread which had been previously looped around the 
anterior end of the abdominal cava was tied. The renal venous blood was 
now flowing entirely into the portal vein. In some animals transient oedema 
of the hind limbs resulted from 'this operation, and the x’ate of healing of the 
abdominal wounds was retarded. 

After a period which varied between six and nineteen weeks, one or both 
renal arteries were obstructed by the method described elsewhere [Verney 
and Vogt, 1938 6]; at the same time any renal venous collaterals which had 
developed since the last operation were carefully sought and tied. , 



Fig. 9. — Miniature “gastro-enterostomy” clamps for securing and approxi- 
mating the folds of the portal and inferior caval veins during the formation of the 
venous anastomosis. A: handle, B: fixing slide, C: eyelot, D: blades, E: points 
of caval clamp. A", B', C', D/ and E': corresponding parts of portal clamp. 

Three dogs survived these stages, and when at the conclusion of 
the observations the animals were killed, post-mortem examination 
revealed a widely patent anastomosis as the sole pathway for the renal 
venous blood. Pig. 10 illustrates the course of the arterial pressure in 
one of these animals before and after the production of renal isehsemia. 
During the preliminary period the systolic blood pressure was about 
120 mm. Hg, At A the right renal artery was slightly obstructed by 
means of a silver clip of 7 mm. length and 2*5 mm. internal diameter, 
the kidney was lifted from its bed, and all its ancillary vessels were 
ivided between ligatures. The operation was followed by a rise in 
aiterial pressure of 30 mm. Hg, a rise which decreased to 20 mm. 

uring the next twenty-eight days. A similar operation was then 
per armed on the left kidney (B,.fig. 10); the obstruction, however, 
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by the method of the denervated carotid loop, rose to 190 mm. Hg. 
Three days later, the blood pressure being still 190 mm., the thread in 
the Bowden tube was pulled taut, thus occluding the renal artery. 
This manoeuvre was followed by a fall in arterial pressure, and the pre- 
operative level of 136 mm. Hg was reached in 3 hours 42 minutes and 
was maintained for the ensuing 16 hours. The hypertensive agent, 
then, is inactivated somewhere in the blood or tissues, and it seemed to 
us of interest to inquire whether the liver played a predominant role 
in this^inacti vat-ion. 


Experiments on the Effects of Renal Ischaemia in Animals in which the 
Renal Venous Blood is conducted directly into the Portal Vein. 

We thought that if the liver played such a role, the conduction of 
the renal venous blood directly into the portal vein might produce 
conditions in which subsequent renal ischaemia was not followed by 
hypertension. The plan of the experiment, therefore, was, first, to 
establish a collateral venous return from the tissues posterior to the 
kidneys by occluding the vena cava posterior to the renal veins ; second, 
to anastomose the portal vein with the renal segment of the vena cava, 
and to tie the cava anterior to the anastomosis as well as all ancillary 
renal venous channels; and third, to produce ischaemia of the kidneys 
by the application of silver clips [Verney and Vogt, 1938 b] to the renal 
arteries, and at the same time to search for and tie any newly developed 
venules carrying blood from the kidneys to the systemic circulation. 

Details of the procedures are as follows. A carotid loop 'with denervated 
sinus was made in each bitch at a preliminary operation. Since occlusion 
of the inferior vena cava at a single operation had proved fatal in a certain 
number of animals, the lumen was diminished at a first operation by Theobald’s 
[1931] method. Under the vessel was passed a short length of fine rubber 
tubing 'with a central thread, the tubing being of such length that when the 
thread was tied the lumen of the cava was reduced to a diameter of 3 or 4 mm. 
The cava was thus obstructed about midway between the renal and the iliac 
veins. (Edema of the hind limbs often ensued, but, as the result of the growth 
of venous collaterals, it had always subsided when, at a second operation 
two or three weeks later, the cava was occluded at the same level. 

After the animaTs complete recovery, the anastomosis operation was 
undertaken. The cava was tied and divided just posterior to the renal veins, 
all tributaries other than these, up to the level of the diaphragm, were cut 
between ligatures, and a loose thread was passed around the vessel well anterior 
to the renal veins. Several centimetres of the portal vein were then freed 
from connective tissue, and two clamps 1 (fig. 9) were placed the one on a fold 
of the vena cava, the other on a fold of the portal vein. The clamps were 
brought together, and held in apposition by inserting the points E, E' through 
the eyelets°C\ C respectively. The length of the folds was about 3 cm., and 

i These clamps were made for and given us by the Medical Supply Association, 
t . j T^don W.C. 1. It is a pleasure to record our appreciation of the help 
which the Association so generously gave. 
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cardiac, and gastrointestinal haemorrhages were among the post- 
mortem findings. 

The effects of renal ischaemia in these animals are, then, so far as 
we have been able to determine, identical both in land and in degree 
with those obtained in normal dogs from similar degrees'of obstruction 
of the renal arterial supply. Were the liver to play an elective role in 
the inactivation of either the pressor agent or, if we assume these 
substances not to be identical, the agent responsible for the syndrome 
of convulsive “uraemia, 55 we might expect their direct conduction to 
the liver to be associated with their greater inactivation, and the 
systemic effects of these substances to have been correspondingly 
smaller. This expectation has not been fulfilled. Child and Glen 
[1938] made a reverse Eck 5 s fistula in two dogs previously rendered 
hypertensive, and observed no lasting effect of this procedure on the 
dogs 5 raised pressure; furthermore, constriction of the renal arteries 
in two other of their dogs, in which the venous anastomosis had been 
made at a preliminary operation, was followed by rises in blood pressure 
similar to those observed in normal controls. Their evidence, however, 
is not entirely convincing, since no attempt was made to prevent the 
flow of renal venous blood through alternative channels, nor at the 
time of publication of their results had post-mortem examinations, 
which alone could show to what extent such ancillary routes were 
present, been made. Similarly, Levy and Blalock [1938] made an 
end to end anastomosis between the left renal vein and the splenic 
vein, “thus forcing a large part of the blood from the kidney to return 
to the heart by way of the liver, 55 and several days later they removed 
the right kidney. They report that after the recovery of four animals 
from this operation, partial occlusion of the left renal artery by means of 
the clamp described by Goldblatt, Lynch, Hanzal, and Summerville 
[1934] was followed by a rise in arterial pressure as measured by femoral 
artery puncture: no post-mortem findings are described. 

, -V- 

Discussion. 

There can be little doubt that the rise in arterial pressure, which 
we have shown to occur when the renal artery is partially and tem- 
porarily obstructed in the living dog, has the same immediate cause as 
the persisting hypertension which Goldblatt and his colleagues [1934] 
first observed to result from renal isehsemia. Both are Immorally 
determined, and the technique of the compression unit has allowed the 
anaesthesia complication of surgical procedures to be eliminated, and 
the time-course of the rise in pressure to be followed. The fact that 
the pressure may be rising significantly some 6 minutes after the induc- 
tion of renal ischsemia, and that the response is reversible, show that 
the pressor agent is one which is readily at call, and wdiose production 
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was more severe (diam. of clip, 2-25 mm.) than that previously induced 
on the right side. Renal ancillary vessels on both sides were carefully 
sought and tied, this being necessary on the right side in spite of the 
division of the ancillary vessels at the operation four weeks earlier. 
The ensuing rise in arterial pressure was rapid and large, and 48 hours 
after the operation the syndrome of convulsive “uraemia 55 [Goldblatt, 
1938; Child, 1938; Verney and Vogt, 1938 6] began to appear. On the 
development of convulsions, vomiting and diarrhoea, the animal— it 



Fig. 10. — The effects of renal ischzemia on the systolic pressure of dog 214. 
20.1,39: denervation of carotid sinus and formation of carotid loop. 16.2.39: 
inferior vena cava obstructed. 27.2.39: inferior vena cava occluded. 17.3.39: 
anastomosis between the. renal segment of cava and the portal vein; at its 
completion there was no congestion of the gut or of the kidneys. 3.4.39: date 
of first blood-pressure record in the figure. A: right renal artery obstructed. 
B: left renal artery obstructed. Ordinates: blood pressure in mm. Hg. 
Abscissas: time in days. For further description, see text. 


was not anurie — was killed with chloroform; and post-mortem examina- 
tion disclosed haemorrhages in the cardiac muscle, severe haemorrhagic 
lesions in the mucosa of the duodenum and upper jejunum, and milder 
lesions in that of the large intestine. 1 

The results of similar procedures with the other two animals 
corroborate those just described. One reacted to mild obstruction of 
its right renal artery by a rise in blood pressure of 20 mm. Hg. The 
other was subjected to simultaneous obstruction of both renal arteries. 
On the fourth post-operative day the pressure, which in this animal was 
measured under local anaesthesia by canmilation of branches of the 
femoral artery, had risen from the pre-operative value of 96 mm. Hg 
to 162 mm. Hg. Convulsive “uraemia” developed, and on the fifth 
post-operative day the dog was killed with chloroform. Retinal, 

i It may be of interest to note that cardiac haemorrhages, hyaline changes in 
the arterioles and necrotic areas in the heart muscle, lesions which are seldom missing 
* the doc when renal arterial obstruction is so severe as to be fatal, have recently 
been described by Gouley [1940] os frequent accompaniments of urcemia in tho 
hypertensive naan. 
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Date and time. 1 

Systolic B.F. 
mm. Hg. 

Remarks. 

13.11.39 10.15 

133 


10.30 

136 


10.45 

, . 

Right renal artery occluded. 

11.13 

136 


11.35 

145 


12.00 

148 


12.25 

152 


12.45 

101 


14.20 

154 

Vomited. 

15.35 

166 

Vomited. 

18.23 

196 , 


21.10 

206 to 212 


22.60 

200 to 210 


14.11.39 

175 to 200 


15.il. 39 18.00 

190 to 230 

Much vomiting during the day. 

16.11.39 8.45 

, . 

Clonic convulsions. 

: 9.40 

140 


10.35 

144 


16.30 

* * 

Died. 


was done, two showed no resultant increase in urine flow, and the 
remainder increases which, in 1 to 3 hours, reached values between 
67 and 530 per cent, of the rates before the contralateral artery was 
occluded. The times at which an increase in urine flow was # first 
observed varied between 15 and 80 minutes after occlusion of the artery. 
From examination of these responses, the conclusion was drawn at 
that time that their type was “similar to that observed when the 
kidney is subjected to a large increase in the pressure of its arterial 
blood supply. 55 No measurements of the arterial pressure were, 
however, made; but it seems reasonable now to relate these delayed 
increases in urine flow with the delayed increase in arterial pressure 
which, as has been shown, is consequent upon occlusion of the main 
arterial supply to a sole remaining kidney. 

Let us now consider whether the experiments reported in this paper 
shed any light on the fate of the pressor agent. We have seen that, 
in an animal hypertensive from renal ischaemia, the functional elimina- 
tion of all renal tissue is followed by a gradual fall in arterial pressure 
(No. 171, see p. 56), the fall being presumably due to the destruction 
of the pressor agent at its site of action in the arterioles. The time- 
course of the fall in pressure in this animal is given in fig. 11, and to 
this have been attached the blood -pressure recovery curves of those 
animals in which hypertension was induced by temporary obstruction 
or occlusion of the renal artery. It is evident that in the majority of 
instances the rate of fall in blood pressure is greater than that exhibited 
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is initiated and suppressed by contemporary- impairment and recovery 
of the renal circulation. 

While the essential stimulus to the production of the pressor agent 
is clearly some change in the blood pressure-blood flow relations within 
the kidney, the consequent rise in arterial pressure is attributively 
conditioned by the intensity of the kidney’s excretory load. The 
influence of dietary overload with meat, urea, or sodium chloride in 
augmenting the effects of renal ischcemia has already been demonstrated 
[Verney and Vogt, 1938 6]; and the fact reported above, that, while 
in a decerebrated and nephrectomised dog obstruction of the arterial 
supply to a transplanted kidney elicited no rise in arterial pressure 
when this obstruction was produced a few minutes after nephrectomy, 
it did so 2 and 4 hours later, is consistent with the response of the living 
animal to dietary overload on a background of renal ischaemia. 

Whether the essential factor of arterial obstruction, and the ancillary 
factor of excretory- load summate to produce within the kidney the 
immediate stimulus, e.g. oxygen want, to the formation of the pressor 
agent, or whether the latter factor operates exclusively on the peripheral 
vasculature, is as yet undetermined; though the former view would 
seem to contain the more likely explanation. The time-course of the 
rise in arterial pressure following obstruction of the renal artery would, 
however, be expected to be conditioned by the rate at which the pressor 
agent reaches the general circulation, and this in turn to be maximally 
determined by an optimal relation between intensity of local production 
and rapidity of peripheral distribution. Extreme degrees of renal 
ischaemia are, indeed, associated with long delay in the pressor response. 
This is illustrated by the following protocol. 

Dog 220. 9.5.39: denervated carotid loop made. 14.-17.10.39: systolic 

pressure varied between 125 and 133 mm. Hg. 18,10.39: implantation of 
Bowden cable [Verney, 1930] dorsal to right renal artery, the thread being 
loosely looped around the artery near its origin, and there being no inter- 
ference with the ancillary blood supply to the kidney. The B.P. rose a little' 
and reached 150 mm. Hg four days after the implantation, remained at that 
figure for five days, and then gradually fell to reach 125 mm. on 2.11.39. 
7.11.39: left kidney excised by lumbar route. 8.-12.11.39: sy r stolic pressure 
varied between 125 and 140 mm. Hg. The following observations were then 
made {Table III). 

In this experiment the blood supply to the kidne}^ W as suddenly 
reduced to that- reaching it through the ancillary arteries, and some 
50 minutes elapsed before the arterial pressure began to rise. In this 
connexion it is of interest to recall some earlier experiments [Verney, 
1930; see fig. 3 in that paper] in which an increase in the flow of urine 
from one kidney was seen to follow occlusion of the main arterial supply 
to the other. The artery was occluded by the Bowden cable technique 
at times varying in the different animals between two and five days 
after implantation of the cable; and of the eight animals in which this 
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tlie recovery curve of animal 171 is lowered throughout by 15 mm. so 
as to bring its final plateau to a more normal resting value. It should 
be emphasised, however, that the deductions are highly speculative, 
in that they are derived from the synthesis of the courses of blood 
pressure in several’ animals : their correction or modification must await 
the isolation of the pressor agent and the elaboration of methods for its 
estimation in physiological fluids. 

Although it is premature to offer explanation of the prolonged 
anuria and hypertension seen in three of the dogs submitted to short 
occlusion of the renal artery, an observation by Schroeder and Steele 
[1940] may be of interest in connexion therewith. They found that in 
the dog anoesthetised with pentobarbital sodium, the renal vessels 
became supersensitive to adrenaline when the renal artery was severely 
constricted, the vessels then responding to normally subeffective 
amounts by long lasting constriction. A supersensitivity of this nature 
may be operative in the prolonged responses which we have seen' to 
follow short occlusion of the renal artery in some of our animals, though 
the conditions under which such occlusion would lead to the release, 
at the endings of renal adrenergic nerves, of effective amounts of 
adrenaline still remain obscure. 

Summary. 

1. Methods for producing temporary obstruction, complete or 
partial, of the renal artery in the dog are described. 

2. Occlusion of the artery to a sole remaining kidney for periods 
ranging between 2 sec. and 600 sec. produces, subject to the reservation 
in paragraph 3 below, contemporary suppression of urine flow without 
accompanying or subsequent change in arterial pressure as measured 
by the method of the carotid loop with denervated sinus. 

3. In some animals long lasting suppression of urine, and hyper- 
tension, have been observed to follow short periods (from 5 to 120 sec.) 
of arterial occlusion (figs. 4 and 5). These responses resemble those 
accompanying prolonged but partial obstruction of the renal artery 
(see paragraph 4 below). The conditions of their occurrence are not 
known. 

4. When the artery to a sole remaining kidney is partially obstructed, 
the arterial pressure is rising some 8 to 18 minutes later towards a 
plateau from which it slowly falls when the obstruction is released. 
The results suggest that the period of recovery in blood pressure is a 
function of the period of arterial obstruction (Table I). They occur 
whether or no the splanchnic and the renal nerves have been divided. 
No rise in pressure has been observed unless the urine flow, during water- 
diuresis, has been at least strongly inhibited by the arterial obstruction. 

5. When the renal artery on one side is partially obstructed, the 
contralateral kidney being present, either no rise in arterial pressure 
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by the anephric animal, a result which suggests that the kidney, on 
release of its arterial obstruction, is engaged in excreting or otherwise 
disposing of the pressor agent which it wa’s previously elaborating. 
In a few .instances, however, the rate of fall in blood pressure is less than 
that exhibited by the anephric animal : in all these, the period (2| to 


200 

190 

180 

170 

160 

150 

140 

130 

120 


Fig. 11. — The heavy black curve represents the time-course of the fall in 
arterial pressure in dog 171 after functional exclusion of all renal tissue. To this 
have been attached the recovery curves of animals 181 (5), 238 (2), 197 (1), 

208 (11), 206 (1), and 183 (4) after obstruction of the renal artery. In No. 197 
(not previously mentioned in the text) the right renal artery was partially 
obstructed for 29 minutes by means of a compression unit, type I. The urine 
flow, which was suppressed by the obstruction, rapidly recovered 4 minutes after 
the release. The right kidney was denorvated and the left removed when the 
unit was implanted. Ordinates: blood pressure in mm. Hg. Abscissae: time in 

minutes and hours. 

7 hours) of preceding compression of the renal artery, or the period 
(more than 3 hours) of suppression of the urine after short occlusion 
of the artery, was longer than in those exhibiting an increased rate of 
fall* a result which suggests that here the kidney is continuing the 
liberation of the pressor agent well into the period of recovery in blood 
pressure. 1 Such representation of results is not formally affected if 

1 In acute experiments on the anaesthetised dog, Friedman, Sugarman, and 
<3 Wpr T19411 report that a long lasting reduction in renal blood flow, as measured 
b diodrast clearance, follows the release of compression of the abdominal aorta 
anterior to the renal arteries. 
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ensues, or a rise from which recovery occurs apparently more quickly 
than in comparable experiments in which the contralateral kidney is 
absent. 

6. The view that the increase in arterial pressure referred to in para- 
graph 4 above is of humoral origin, is confirmed by the occurrence of a 
similar phenomenon in preparations in which a kidney has been trans- 
planted to the neck of a decerebrated and nephrectomised dog. Either 
release of the obstruction, or removal of the kidney, is followed by a 
gradual return of the arterial pressure to its original value. In order 
to produce increases in general arterial pressure in such preparations, 
the reduction in renal arterial pressure needs to be severe: the resultant 
increases in general arterial pressure are, notwithstanding, much 
smaller than in survival experiments. 

7. The results suggest that the cause of the rapid blood -pressure 
response to compression of the renal artery by means of a previously 
implanted unit, is the same as that of the persistent hypertension which 
follows permanent obstruction of the renal artery by operative 
procedures. 

8. Functional removal of a chronically ischaemic and sole remaining 
kidney was followed by a gradual fall in arterial pressure. The hyper- 
tension had disappeared wdthin 4 hours, and thereafter the pressure 
remained constant for 16 hours. 

9. Animals in which an anastomosis has so been made between 
the renal segment of the I.V.C. and the portal vein that all the renal 
venous blood is conducted directly to the liver, respond to the induction 
of renal ischaemia in ways similar to those in which normal' animals 
respond. It is improbable, therefore, that the liver plays an elective 
role in the inactivation of either the pressor agent or, if we assume 
these substances not to be identical, the agent responsible for convulsive 
“ uraemia.’ * 

10. Consideration of the results reported in this paper shows them 
to he compatible with the view that normal renal tissue both depresses 
the rate of formation of the pressor agent by ischaemic renal tissue, and 
accelerates, by a process of excretion or inactivation, the rate of its 
disappearance from the blood; further, that when the period of renal 
ischaemia is long ( e.g . 3 hours) the production of the pressor agent 
continues for some hours after the mechanical release of the obstruction 
to the renal artery. 

Grateful acknowledgment is made to the Government Grant Com- 
mittee of the Royal Society for defraying part of the expenses incurred 
in this work. 
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(A) INTRODUCTION AND BURNING IRON DEVICE. 

foiiroduction . — Two schools of thought exist in regard to the so- 
called toxemic effects in burns. The one is represented* among others, 
by Robertson and Boyd [1923] and by Wilson and colleagues [1937-38], 
who think that there is a toxsemic factor apart from infection. The 
other view was taken especially by Underhill and colleagues [1930] 
in their series of careful papers; they thought that the toxic effects 
could be explained by the blood concentration. Colour is undoubtedly 
given to this interpretation of the phenomena by the recent work of 
Florey and colleagues [Abraham, E. P., et al, f 1941] on shock; these 
authors have proved that the toxsemic effects hitherto thought to be' 
due to tissue constituents from minces of liver introduced intra- 
peritoneally are absent when bacteria have been excluded. 

In planning the experiments here to be reported, we have been 
guided by the idea that any toxemic effects which may be present, 
apart from those due to the blood concentration and to the growth of 
bacteria, must be derived from the area of partly damaged tissue 
rather than from that which has been completely coagulated. 

Consider the following diagram of a burn. (Fig. I.) 

I is an area of fully heated tissue to which enough heat has been 
applied to fix the tissue proteins* II is an area of varying depth to 
which a heat gradient of varying temperature has been applied, extend- 
ing from that of the fully burnt area to that of the body temperature, 
37 0. So far, much thought has been concentrated upon I; but the 
most likely site for the origin of dangerous toxins is II ; here it may be 
expected that, owing to the more moderate temperature reached, 
sufficient injury to the tissues null have been done to damage cell 
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of the apparatus, which is circular and made of brass, the surface for 
application being, tinned to prevent contact of the copper. The sides 
are completely lagged -with asbestos to prevent loss of heat and to 
limit the heat of application. The temperature of water running 
through can be adjusted simply; if this flows from an ordinary Fletcher 
gas heater, temperatures of 50°-55° C. can be maintained within 0*2 0. 



It has proved possible to get standard moderate tenrperature burns 
with this apparatus, and so to study graded temperature effects 
properly. This apparatus is similar in principle to the small glass 
bulbs used by Hudack and McMaster [1932] for heating mouse ears, 
though it was designed independently some time before acquaintance 
with their paper. It differs in size and in the possession of the thin 
metal tinned surface, which is likely to give a better conduction of heat. 

(B) MACROSCOPIC AWE MICROSCOPIC DAMAGE AT MODERATE 

TEMPERATURES. 

Historical , — As indicated in the introduction, we set out to find 
the relation between temperature, time of exposure, and skin damage, 
and have found that for external applications 50° C. is a critical 
temperature with the heating iron described. Subsequent search of 
the literature showed that very few attempts had been made to’ produce 
graded moderate temperature burns in animals; some of the most 
accurate, with which our observations on ordinary skin are in agree- 
ment, were made 70 years ago by Coknkeixn [1873], who temporarily 
stopped the circulation in rabbits’ ears with ligatures and then placed 
the ears in a water-bath at an observed temperature. He found that 
immersions of 30 minutes with the water at 45° C,, and' of 6 to 7 minutes 
with the water at 49° C. produced no effect. An immersion of 30 
minutes at 49° C. produced transient redness and swelling, and at all 
temperatures greater than 50° C. severe damage was done. An 
immersion of 6 to 7 minutes at 52° C. gave a patchy partial necrosis, 
while the same exposure to 60° G. gave complete necrosis. Similar 
results are reported by McMaster and Hudack [1934] for mice ears; 
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permeability without altering the chemical nature of some proteins 
and enzymes. At least two things may then happen. Some ’ cell 
constituents may diffuse out of the partly damaged cells. If these 
happen to be active enzymes or potentially dangerous substances, their 
presence in parts of the body to which they are foreign may cause 
toxic effects. Alternatively, destruction of the enzymes more sensitive 
to heat, leaving others intact and active, may upset the cell balance 
so as to cause the active production of toxins. In any case, the effects 
cannot be predicted without further knowledge. 1 

Exploring the view that toxsemic effects in burns may be specially 
related to the moderately heated area, 2 we should look for the "burn” 

r 

skin surface. 


Fig. 1* 

toxin (a) by burning animals with temperatures low enough, to cause 
cell damage without destroying all the cell proteins; (b) by finding out 
which enzymes and tissue constituents stand heating to the appropriate 
temperatures; and (c) perhaps even by injecting into animals extracts 
made under similar conditions from skin and tissues. 

An attempt to test these views experimentally revealed a singular 
lack of fundamental knowledge in two directions. There was really no 
answer to the question what exposure to heat and at what temperature 
will produce skin damage, and there was little systematic information 
upon the temperatures to which the enzymes in cells can be subjected 
without damage. Both these questions have to he answered in the 
rough before more detailed biochemical work can proceed. We deal 
with the first here; the apparatus described below has been designed 
to study the minimal temperatures causing tissue damage. 

Simple Heating Iron for applying Temperatures up to 80 0 G. to the 
Shin ( devised ivith the mechanical assistance of J. Cox). — The apparatus 
used is represented in the diagram (fig. 2). This shows a cross-section 

1 It is relevant to this line of thought that some surgeons excise not only the 
actual burnt area, but a substantial margin of tissue which is believed to be 
damaged upon histological grounds. The whole issue seems fundamental to 
treatment. Supposing that bacterial invasion can be completely prevented, what 
will then happen to the area of partly damaged tissue? Can it be left for the 
leucocytes to remove, or will it contribute to an unpleasant slough, winch should 
not be left enclosed under a film or other dressing? If there is a toxic agent soon 
liberated from a burnt area, we ought to direct further attention to its immobilisa- 
tion in any first aid treatment; this should not prove an impossible biochemical 
task, if we have a better idea of its chemical nature. 

2 We have not seen this view expressed before, though doubtless it has been 
in the minds of some workers. 
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of the apparatus, which is circular and made of brass, the surface for 
application being, tinned to prevent contact of the copper. The sides 
are completely lagged -with asbestos to prevent loss of heat and to 
limit the heat of application. The temperature of water running 
through can be adjusted simply ; if this flows from an ordinary Fletcher 
gas heater, temperatures of 50°-55° C. can be maintained within 0*2 G. 



It has proved possible to get standard moderate temperature burns 
with this apparatus, and so to study graded temperature effects 
properly. This apparatus is similar in principle to tlie small glass 
bulbs used by Hudack and McMaster [1932] for heating mouse ears, 
though it was designed independently some time before acquaintance 
with their paper. It differs in size and in the possession of the thin 
metal tinned surface, which is likely to give a better conduction of heat. 

(B) MACROSCOPIC AND MICROSCOPIC DAMAGE AT MODERATE 

TEMPERATURES. 

Historical , — As indicated in the introduction, we set out to find 
the relation bet\reen temperature, time of exposure, and skin damage, 
and have found that for external applications 50° 0. is a critical 
temperature with the heating iron described. Subsequent search of 
the literature showed that very few attempts had been made to* produce 
graded moderate temperature burns in animals; some of the most 
accurate, with which our observations on ordinary skin are in agree- 
ment, were made 70 years ago by Cohnheim [1873], who temporarily 
stopped the circulation in rabbits’ ears with ligatures and then placed 
the ears in a water -bath at an observed temperature. He found that 
immersions of 30 minutes with the water at 45° C,, and' of 6 to 7 minutes 
with the water at 49° C. produced no effect. An immersion of 30 
minutes at 49° C. produced transient redness and swelling, and at all 
temperatures greater than 50° C, severe damage was done. An 
immersion of 6 to 7 minutes at 52° C. gave a patchy partial necrosis, 
while the same exposure to 60° C. gave complete necrosis. Similar 
results are reported by McMaster and Hudaek [1934] for mice ears; 
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the primary interest of these authors lay in the lymphatics. They 
1 found that 1 minute at 59° C. to 60° C. and 20 seconds at 67° C. gave 
necrosis, while 1 minute at 55° C. produced a moderate burn. 

There is also some information available as to the temperature at which * 
certain of the tissues are killed. For instance, Moore [1924] found that the 
temperature of the abdominal cavity of rats, guinea-pigs, and rabbits produced 
a degeneration of the germinal epithelium of the testis. Warming the testis 
to 47° C. for 5 minutes by the application of heat externally produced the same 
result. Hart [1922] and Stieve [1923] both found that hyperthermia rendered 
mice sterile. Pincus and Fisher [1931] reported that temperatures between 
44° C. and 47° C. kill chick osteoblasts in culture, the exposure time necessary 
being dependent upon the temperature, and Kokatt [1930] found that tempera- 
tures from 42° C. to 50° C. inhibited mitoses in tissue cultures. Schultze [1865] 
found that whereas 45° C. to 46° C. produced no effect on leucocytes, 50° C. 
killed them. Red cells tolerated 52° C. Siebert [192S] reported that cartilage 
transplants did not grow if heated for longer than 30 minutes at 47° C. Much 
work has also been done on the effect of temperature on transplants of tumour 
cells. Typical of such reports are those of Loeb [1903], Lambert [1912],' and 
Stevenson [1919]. Temperatures ‘of 47° C. appear to kill all types of cells, 
and between ,42° C. and 47° C. death of cells can be produced if the time of 
heating is long enough. The order of heat sensitivity seems to be sarcoma, 
carcinoma, normal connective tissue. 


Macroscopic Damage. 

A nimals.— Guinea-pigs of weight 500-700 g. were used. Some 
observations were also made on rats of weight 100-200 g. 

Experiments . — The back of the animal was clipped with hair clippers 
and then shaved with an electric razor. The animal was ancesthetised 
with ether or nembutal (intra -peritoneal). The type of anaesthetic did 
not change the nature of the visible skin response. The burn was 
produced by means of the iron described in -Section A of this paper. 
Two to four observations were made for each combination of tempera- 
ture and burning time. The results were in good agreement, indicating 
that it mattered little what part of the back was exposed. Observations 
were made both on the immediate macroscopic damage, and on the 
later healing processes. 

It is clear 4hat with short applications of the burning iron, the 
temperature of the skin must be substantially below that of the iron; 
with longer applications, up to 6 minutes, the temperature may be 
expected to approach that of the iron, at any rate in the more superficial 
layer. Some information as to the maximum temperatures which 
can be withstood without irreversible damage will be obtained from 
rather longer applications, though for practical production of constant 
burns applications of 1 minute will be generally more convenient. 

In preliminary observations, by R. A. Peters and R. W. Wakelin, 
reported to the Medical Research Council, it was found that temperatures 
over 50° C. are required to produce scab formation with 3-minute 
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applications. After exposure to 47° C. for 0 minutes, histological 
changes were not noticed by E. H. Leach. ' This shows that 47° 0. 
is not dangerous, but that a rise of 3° C. above this may be. . A typical 
development of scabs in 5 patches made at 55° C. is recorded in Table I. 


Table 1* 


Guinea-pig burnt with 5 patches for 4 3 minutes, 55° C. Sc. — Scab. 



6 hours after. 

2nd day. 


3rd day 


4th day. 

Side of 

1 2 3 

1 2 

3 

1 2 

3 

1 2 3 

Animal 

R. 

E. E. E. 

E. Sc. 

E. 

E. Sc. 

Sc. ' 

Sc. Sc. | Se. i 

L. 

Slight 
E, Sc. 

i 

E. 

Sc. 

Sc. 

Sc. 

So. § So. \ 


On the fourth day there was scab formation on all patches. Some 
formed earlier. 30 minutes at 70° C, and 10-20 minutes at 75° C. 
produced large scabs. It was found that the animals would tolerate 
12 patches at 55° C. without death, though losses in weight were 
noticed; these are being made the subject of further investigation. 
Curiously enough these patches did not appear to be painful. 

In the present work, which has amplified and extended these 
observations, 1 minute has been taken as standard. The number of 
animals burned with different combinations of temperature and burning 
time was too great to report all the results in detail. Two illustrative 
series of burns will, therefore, be described: a series of 1-minute burns 
with the temperature of the heating iron increasing from 45° C. to 
80° C., and a second series with the burning iron at 55° C. for increasing 
lengths of time. Both series of burns were produced in guinea-pigs. 
Burns at other temperatures and for other burning times will be referred 
to only when it is necessary to demonstrate particular points. Similar 
observations were made with rats, and it was found that the results 
were very closely parallel to those of burns made on guinea-pigs. 

Changes , — The immediate macroscopic changes readily observed 
were: erythema, flare, blanching, blueing, heat fixation, incipient 
blister formation, oedema and edge wheal. Observations on the later 
healing processes included the presence or absence of scab formation, 
and the rate of regeneration of epithelium. 

Erythema . — This has been divided into three grades: 

Erythema 4* —erythema just visible. 

Erythema + + -erythema distinctly visible. 

Erythema +4-4- — marked erythema. 
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Table II shows that an erythema was not seen until the temperature 
of the burning iron reached 50° C. This erythema was slow to develop 
(5 minutes), and was only transient (gone in 30 minutes). The erythema 
also increased with increase of burning time (Table III). 

Erythema is less readily produced in a guinea-pig than in man. 
A 1-minute burn at 50° C. would produce a marked erythema ( + + + ) 

* Table II. 

Shows the rate of development and subsidence of signs after application of heat 
to skin of guinea-pigs. E.=erythema, FI. = flare, Bl. = blanching. (Ed. 
((Edema) expressed as per cent, water content of tissue (average related to 
normal 100 per cent.) found 2 hours after application. Observations at each 
temperature made on 7 or more animals. 


Heat applied for 1 minute . Temperature 45° -80° G. 


Temp. 

°C. 

Time after application (minutes). 

(Edema, 
per cent, 
normal, 
120'. ' 

Standard 

devia- 

tion. 

Histo- 
logical 3 
damage, 
120'. 

O'. 

1'. 

5', 10', 15'. 30'. 

60'. 

45 

Nil 

Nil 

Nil Nil 

Nil 

103 

±27 

A 

50 

Nil 

Nil 

E. 4 s Nil 

Nil 

97 

± 9 , 

A 

55 

Bl. 

E. 4 

E. 4 4 E. 4 

E. 4 

119 

±28 

D, E 




FI. 4 FI. 4 





60 1 

Bl. 

Bl. 

E. 4 4 E. 4 4 

E. 4 

180 

± 62' 

, F 




FI. 4 4 FI. 4 4 

FI. 4 




65 1 

Bl. 

Bl. 

Bl. Bl. . 

Bl. 

. . 

. . 

G or H 



FI. 4 

FI. 4 4 4 FI. 4 4 

FI. 4 4 




70 and 

1F1.+ 

FI. 4 4 

FI. 4 4 4 FI. 4 4 

FI. 4 4 

(70) 199 

± 18 

H 

80 

\(Heat fixation) 2 


(80) 202 

± 45 



1 At 60° C.-65° C. for 1 minute there was a separation down to the prickle cell 
layer, so that the epidermis could be wiped off. 

2 Heat coagulation to form a stiff yellow plaque. 

3 Three animals observed. See under ** Microscopic Changes.” 

on human skin [Lewis and Love, 1926, and confirmed by us], while 
for the guinea-pig such a burn would produce but trifling erythema. 

Flare . — An irregular reddening of the skin, spreading out from I to 
5 mm. beyond the burned area, was constantly seen. The nature of 
this reaction has not been determined. We have called it a “flare/’ 
but it is not necessarily identical with the flare described in human 
skin by Lewis [1927] and thought by him to be caused by a local axon 
reflex. The reaction we have observed was possibly due to heat 
conduction from the burned area. There is evidence later that there 
is a large area of graded tissue damage beyond the edge of the heating 

iron. . 

Flare 4- = Flare just visible. 

Flare 4 + = Flare distinctly visible. 

Flare 4 + 4 = Marked flare. 
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Tl\e greater’ the temperature of the heating iron, the more severe 
was the flare (Table II), hut for longer exposures at 55° 0. (Table III) 
the flare was not markedly increased. 

Blanching.— A temporary blanching often formed before the 
development of the erythema, c,.g. at 55° C. and 00 C., Table II. At 
these temperatures the blanching had completely disappeared and 
given way to redness by the end. of 5 minutes. 

Blueing . — After a 10-minute burn at 55° 0. (Table III) the burned 
area was distinctly blue. This presumably indicated capillary stagna- 
tion as well as dilatation. Occasionally there was a' blue patch (about 
I cm. in diameter) in the centre of the '5-minute burn at 55° C. The 
local erythema produced by 1 -minute burns at all temperatures also 
showed a tendency to darken at the end of two hours. 


Tabus HI. 

Shows the rate of development and subsidence after application, of heat to skin 
of guinea-pigs. E. ^erythema, FI. — flare, Bl. * blanching, CEd. ((Edema) 
expressed as per cent, water content of tissue (average related to normal 
100 per cent.) found 2 hours after application. Observations for each burning 
time made on 5 or more animals. 


Heat applied for different time $ at 55° (7, 


Time, 

min. 


Time after application in minutes 

* 

(Edema 

at 

120'. 

Histo- 

logical 

damage, 

120'. 

O'. 

1'. 

5', 10', 15'. 

30'. 

60'. 

1 

Bl. 

E.4 • 

E.4 4* 

E. 4 

E.4 

99 

E 




Ft + 

Fl* 4 




2 

E.4 4 

E. 4 4 

E. 4* 4 

E. 4 4 

E.+ + 

118 

E 


FI.4 

FI. 4 

FL + 4 

Fl. 4 4 

Fl. + + 



5 

E. 4 4 4 

E. 4 4 4 

E. 4-4-4 

E. 4 4 4 

E. 4 4 4 

150 

F 


FI. 4 

FI. 4 4 

FI. 4 4 4 

Fl. 4 4 

Fl. 4 4 



10 

FI. 4- 

Fi.4 

Fl. 4 4 4 

F1. 4 4 

FL 4 4 

151 

F 


Blueing of skin. 







Heat Fixation , — At 70° C, ox* 80° C. the tissue proteins became 
heat coagulated, giving the exposed area the appearance and feel of a 
stiff hard yellow plaque. 

Incipient Blister . — Rats and guinea-pigs do not blister when burned. 
If, however, the burning iron was at 60° C. to 65° C. for 1 minute, 
there was a separation of the prickle cell layer which could he demon- 
strated histologically. There was no obvious bleb formation. If 
the skin was gently rubbed with a piece of moist cotton wool, the whole 
of the epidermis peeled off from the area immediately under the iron. 




74 


Leach, Peters, and Rossiter 

This left a raw area of punched-out appearance, 1 not unlike the exposed 
surface seen when the blisters of a human second-degree burn are 
pricked and trimmed. ■ If the epithelium was not then wiped off the 
animal was sure to scratch if off within the next 24 hours. 

(Edema. Records were kept of the visible and palpable cedema 
which occurred for all burns at temperatures greater than 60° C. and 
for 5-minute burns at 55° & More accurate data were obtained by 
determining wet and dry weights. Table II shows that there is a 
slight (edema at 55° C. and that from 60° C. onwards the cedema 1 is 
marked. There is less than one chance in twenty that the difference 
between the figures at 50° C. and 55° C. is fortuitous (*=2-13; for 
P = 0*05, £ = 2*12) and little over one chance in fifty of the difference 
between the figures at 55° C. and 60° C. being fortuitous (£ = 2*52; for 
P=0*02, £ = 2*58). The difference between the figures at 60° C. and 
70° C. is not significant (£ = 0*119; for P = 0*9, £ = 0*129). With the 
55 C. burn the cedema did not appear until the burning time reached 
5 minutes (Table III). - All the figures given in Tables II and III were 
obtained by guillotining the animal two hours after the production of 
the burn. It Was of interest to determine how quickly the oedema 
appeared. Table IV shows that with 1 -minute burns at 55° C. cedema 

Table IV. 

Rate of development of oedema (expressed as percentage of normal water content) 
as measured by wet and dry weight determinations in skin of guinea-pigs, 
burned for 1 minute with burning iron at the stated temperature. 



did not develop even after 3 hours, and that with similar burns at 60° C. 
some oedema was present even after 5 minutes; it took 3 hours, however, 
for the full oedema to develop, and this lasted from 48 to 72 hours. 

Edge Wheal . — -A distinct wheal around the edge of the burning iron 
could be seen when the burns were at the higher temperatures. This 
1 This appears to be somewhat analogous to the effects of steam described by 
x Wilson. 
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was most marked for the 70° 0. and 80° 0. burns, but was seen for 
temperatures as low as 60° C. for 1 minute and 55° C. for 5 minutes. 
This wheal was greatest for temperatures at which the tissue immedi- 
ately under the heating iron was heat coagulated. If the wheal is 
produced by fluid exudation, it seems probable that there is more 
exudation into the non-coagulated areas beyond the edge of the iron 
than into the coagulated tissues directly under the iron. It is interest- 
ing to note that the temperatures at which the edge wheal is observed 
were similar to those at which oedema was found. 

Scab Formation . — As previously indicated, with burns of 45° C. to - 
50° C. there was no scab formation, and this was true no matter how 

• Table V. 


The late macroscopic changes in the skin of guinea-pigs burned for 1 minute at 
different temperatures. Each figure the mean of seven or more observations. 


Tempera- 
ture of 
burning 
iron. 

Macroscopic 
appearance before 
scab formation. 

Day scab 
formed 
(dk S.D.). 

i 

Day scab 
shed 
(± SJX). 

Day of v 
complete 
regeneration 
of epithelium 

(±SJX). 

45° C. ! 
50° a 

55° C. 

60° a 

65° a 

70° C. 
80° C. 

N 

N 

Erythema 

Erythema 

Erythema 

Yellow with Hare 
Yellow with flare 

i 

o scab formation 
"o scab formatior 
8 (±2) 
2(±l) ' 

S(±l> 

6 (±3) 
7(±3) 

t 

L 

14'(±4) 

13 (± 1) 

16 (dk 2) 

17 (dt 4) 

20 (± 5) 

19 (±5) 

25 (±Z) 

28 (± 3) 

34 (dk 7) 

50 (±7) 


long the burning iron was left in position. One-minute burns at 
55° C. practically always produced a scab, so that the critical tempera- 
ture for scabbing must be in the region of 50° C.~55° C. Tables V 
and VI show that the usual time for the scab to form was 6 to 8 days. 
This was true for all burns except those for 1 minute at 60° 0.-65° C., 
and for those of longer duration than 2 minutes at 55° C. With these 
burns, the time for scab formation was much less. This was probably 
due to the presence in them of incipient blister formation. 

At the lower temperatures, the burned skin had an erythematous 
appearance until the scab formed. With the burns produced by 
higher temperatures, the burned skin was yellowish and surrounded by 
a distinct red flare. The scab was always present for a period of one 
to two weeks before being shed. 

Fate of Healing . — When the scab came off it revealed either a re- 
epithelialized area or a clean granulating surface which gradually 
became covered with epithelium. Usually, the outer portion of the 
burn was covered with new epithelium and there was a much smaller 
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Table VI. 

The late macroscopic changes in the skin of guinea-pigs burned with the heating 
iron at 55° C. for different periods of time. Each figure the mean of five or 
more observations. 


Burning 

time 

(minutes). 

Macroscopic 
appearance before 
scab formation. 

Bay scab 
formed 
US.B.). 

Bay scab 
shed 
{± S.B.). 

! Bay of 

complete 
regeneration 
of epithelium 
(± S.B.). 

1 

Erythema 

| 

8 (±2) 

i 

! 14 (±4) 

19 (±5) 

2 

t Erythema 

| S(±l) 

1 

1 28 (± 5) 

5 

[ Erythema 

4(±1) 

1 17 (£ 3) 

37 (±6) 

10 

| Yellow with flare 

5(±1) 

| 19 (±6) 

41 (±1) 


granulating area in the centre: This area "became less and less and it 
is seen (Table V) that the time taken for the wound to be completely 
covered with epithelium increased with increase in temperature of the 
burning iron. Similarly, with the iron at 55° C. the time taken for 
complete epithelial regeneration increased with the length of the 
burning time. 

Microscopic Changes . — The pieces of skin were laid on shiny paper 
to keep them fiat during fixation, which was done for at least 24 hours 
in formol saline. A portion from the, centre of the burn to the edge, 
with an equal portion of contiguous normal skin, was cut out. After 
the paper was removed, the skin was dehydrated, cleared in cedar wood 
oil and embedded in paraffin. Sections were cut at 8g.. The standard 
staining method was WeigerPs iron hematoxylin and eosin. In 
addition, the following techniques were used on a selection of the 
specimens : — 

1. Weigert’s iron hematoxylin and Van Gieson. 

2. Feulgen nucleal reaction. 

3. Masson trichrome. 

4. Orcein. 

5. Pyronin-methyl green. 


L General . — The observations have been mostly restricted to the 
early phases of change due to burns. These have not been previously 
described. The necrosis does not differ from that caused by other 
types of trauma, such as bacterial; but here it has been possible to 
grade the trauma both in severity and duration, and to correlate the 
histological changes with macroscopic and biochemical changes 

To simplify tabulation of results, the changes have been artificially 
graded into eight Stages and lettered A to H for increasing severity. 

§ Stage A. Nuclei of epithelium swell, diffuse basophil staining of cyto- 
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plasm diminishes. Infiltration of polymorphs and pseudo -eosinophils 
into deeper layers of dermis. Reversible (see fig. 4). 

Stage B. Nuclei now collapse leaving a perinuclear vacuole, but 
remain round. Further loss of basophil staining of the cytoplasm. 
Probably reversible (see fig. 5). 

Stage' C. Nuclei collapse further, become crescentic or flattened,' 
small spaces appear between prickle cells. Possibly reversible (see 
fig. 6). ’ ' 

Stage D. Nuclei stain densely and uniformly— pyknosis. Some 
large spaces now formed between the prickle cells and the basement 
membrane contain a coagulum and basophil granules. Irreversible 
(see fig. 7). 

Stage E. Nuclei erenated and fragmentary — karyorrhexis. Irre- 
versible (see fig. 8). 

Stage F . Partial heat coagulation of epithelial cells, which are 
preserved in a condition not very dissimilar from that of the normal 
cells. Irreversible (see fig. 9). 

Stage 0 . Heat coagulation of epithelium with gross distortion of 
epithelial cells and their nuclei. Damage to collagen fibres of dermis. 
Irreversible (see fig. 10). 

Stage H. As for Stage G but with marked damage to collagen 
fibres of dermis. Irreversible (see fig. 11). 

From Table II, it will be seen that higher temperatures cause more 
marked effects. Two critical temperatures should be noted, as for 
the macroscopic changes. At about 50° C. there is a sudden onset of 
gross cellular damage. At about 60° C. a temperature is reached which 
causes coagulation of the surface epithelium and prevents cellular 
disintegration. 

From Table III, it will be seen that application for longer. times 
causes slightly greater effects, but that it is impossible to simulate the 
effects of much higher temperatures merely by prolonging the time of 
application. (This is probably due to the rapid damage of the thin 
layer concerned.) 

From Table VII, it will be seen that the effect of the application of 
a temperature of 55° C. is very quick indeed in onset. Even when the 
skin was fixed in formol saline as soon as possible after burning, very 
definite changes had started. The process of cellular disintegration 
proceeded without further traumatic stimulation. The damage reached 
a peak at 30 minutes, although further necrosis with scab formation 
occurs in the succeeding days. With a more severe burn at 60° G. 
the time course is different. There is immediate heat coagulation of 
the epithelium and no great change occurs during the succeeding 
2 hours. 

Especially with the low temperatures, the heating of the epithelium 
a PP eai> cd to have been slightly uneven, so when a given temperature 
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is said to cause a change of a certain stage, this means that the greater 
part of the burnt area shows this stage. 

No special observations were made on the effects of mechanical 
trauma, but at the place where the normal skin was injured by the 
razor used for excision the epithelium showed changes grading from 
* Stage C to Stage A. Sometimes large parts of the epithelium of the 
normal skin showed a mild Stage A change ; this was probably due to 
trauma of shaving. f 

II. Nuclear Changes. — The first effect of trauma (Stage A) is a 
swelling of the nucleus, which instead of being flattened is now round. 
In optical section the area of the nuclei is increased about 50 per cent, 
(see fig. 4). 

In Stage B the nuclei start to collapse or contract, the chromatin 
becoming dispersed and thereby causing a more uniform staining of 
the nuclei. A perinuclear space is left (see fig.. 5). This space, as well 
as the various changes in the nuclei, may be a fixation artefact. These 
artefacts, if artefacts they be, represent true changes of some sort in 
the physicochemical state of the cells. 

Further collapse (pyknosis) occurs in Stages C and D, and the nuclei 
become crescentic or flattened, leaving a large perinuclear space. 
Apparently at this stage nucleoprotein is escaping from them (see 
figs. 6 and 7). Granules of Feulgen positive material are found in the 
spaces between the prickle cells and in the incipient blister spaces 
separating them from the basement membrane. These granules stain 
in the same manner as nuclei with a variety of nuclear stains, such as 
hematoxylin, polychrome methylene blue, neutral red and carmalum. 
There can be no doubt that they are of nucleoprotein nature. 

Slightly higher temperatures cause less collapse — possibly due to 
a partial heat coagulation (Stage E), but now the nuclei have a crenated 
edge or show obvious fragmentation — karyorrhexis (see fig. 8). The 
number of granules in the nucleoprotein material in the intercellular 
spaces increases. After 24 hours these may also be identified in the 
dermis to a depth of f mm. By this time the nuclei have lost all their 
nucleoprotein, apparently by solution — karyolysis. They stain as 
faint acidophil structures having no basophil affinity and giving a 
negative Feulgen reaction. After 48 hours the number of the free 
nucleoprotein granules has diminished, and by the 72nd hour they 
have disappeared. 

Higher temperatures (Stage F) apparently cause coagulation of 
the nucleoprotein, which, with temperatures of about 60° C., is pre- 
served in a condition not dissimilar to that produced by formol fixation. 
The chromatin is diffuse instead of being present in granules (see fig. 9). 
Still higher temperatures cause coagulation with considerable flattening 
and distortion of the nuclei (see figs. 10 and 11). 

Stages G and H. A similar but less marked senes of changes can 
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he seen in the nuclei of the hair follicle cells. Nuclei of connective- 
tissue cells become pyknotic. 

III. Cytoplasmic Changes . — In 'Stages A to E there is an apparent 
increase in the volume of the cytoplasm. In Stage E the volume is 
normal, and in Stages G and H it is greatly reduced. 

In Stage C the cells, especially the prickle cells, become separated 
from one another and from the basement membrane to which they are 
attached by thin processes (fig. 6). In Stages D and E this change 
goes further and many of the prickle cells virtually disintegrate. In 
sections stained with hsematoyxlin, the diffuse basophil staining of the 
cytoplasm is seen to be diminished in Stage A and to have disappeared 
in Stage C. 'But in Stages E-H there is less loss. If sections are 
stained with pyronin-methyl green, the normal epithelial cells show 
brilliant red cytoplasmic granules. In Stage B, and even more in 
Stages C-E, brilliant red granules and a coagulum of the same colour 
can be seen between some of the priclde cells, and between them and 
the basement membrane. At the end of 24 hours all signs of this 
substance in the incipient blisters has disappeared. In Stage H the 
cytoplasm stains bright red with pyronin-methyl green, indicating that 
here the basophilic substance has not escaped. The lceratohyalin 
granules of the stratum granulosum tend to swell, become more widely 
separated and fewer in number in Stages B to E. In Stages E to H 
they are quite normal. 

Table VII. 


Stage of histological change caused by a bum of 1 minute duration at 55° C. 
and 60° C. Skin removed at different intervals after burning. 



^ min. 

1 min. 

5 mins. 

10 mins. 

30 mins. 

120 mins. 

At 

55° C. 

B 

C 

B-C 

B-C 

D 

D 

• 60° G. 

F 

F 

F 

F 

F 

F 


IV. Collagen Fibre Changes . — In Stages A to E the collagen fibres 
appear to be quite normal. In Stage G tliej^ are swollen and the 
component fibrils partly separated. The fibres have' a decreased 
affinity for acidic dyes such as eosin and acid fuchsin. Their affinity 
for basic dyes, such as hsematoxylin, safranin and orcein, is increased. 
In Stage F these changes are less marked and in Stage H much more 
marked. 

V. Gidema. — This was not gross enough to be obvious in the sections 
to visual judgment except in and around the layer of striated muscle 
of the skin. Measurement of the thickness of the dermis gave some 
indication. The variation in the thickness of the normal skin was 
too great to allow it to be a method of estimating oedema. 
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In Stage H burns a few of the interfibrillar spaces are filled by a 
basophil coagulum of unknown nature. ' 

(Edema of the striated muscle of the skin, which lies about 15 mm. 
from the epithelium, occurs in Stages F-H burns. In Stage F burns 
it is present only in a small part of the centre of the burn, not closer 
than 5 mm. from the edge. In Stage H burns it spreads over a wider 
area and is visible 1*0 mm. from the edge. 

VI. Incipient Blister Formation . — Blisters formed are never large. 
The largest seen was 0-5 mm. in diameter. Care has to be exercised to 
differentiate artefact separation of the epithelium from true blisters. 
-Only when a coagulum can be seen filling the gap between the epithelium 
and the basement membrane can the space be identified for certain 
as a blister. 

The process of blister formation starts with separation of the prickle 
cells from one another. They show great adherence to the basement' 
membrane, and long drawn-out processes often keep the epithelium 
tied to it. ‘At this. stage, Stage C granules and a coagulum staining 
bright red with pyronin can be seen in many of the spaces. This has 
been seen 1 minute after burning. 

In Stage D, some of the processes of the prickle cells have dis- 
integrated, allowing a large gap to form between the epithelial cells 
and the basement membrane (see fig. 7). Granules of nucleoprotein 
make their appearance now, both in the blister spaces and in gaps 
between prickle cells. Their appearance definitely succeeds that of 
the pyronin staining substance, which is apparently derived from the 
basophil granules of the cytoplasm. Although some of the blisters 
now contain a coagulum staining with pyronin, most contain a slightly 
basophil coagulum which does not stain with pyronin and does not 
give the Feulgen reaction for nucleoprotein. 

It seems likely that blisters are formed by seepage of tissue fluid 
under pressure into spaces caused by the partial disintegration of the 
prickle cells. 

This type of incipient blister differs from that described macro - 
scopically, because it occurs at a lower temperature, about 55° C. 
instead of 65° C. At the latter temperature the epithelium apparent^ 
remains adherent to the connective tissue unless it is detached by 
mechanical trauma. The ease with which this occurs may probably 
be explained by the hj^pothesis that the epithelium has become hardened 
by heat coagulation and has lost its elasticffy. It cannot here be said 
whether the human blister corresponds to one or both of these types. 

VII. Polymorph Infiltration . — This is most marked in Stages D to F. 

In Stages A to C and G to H it is easilj^jbtectable. In all stages it 
extends into the unburnt area. In a stage* 1) burn it extended 0-5 mm. 
and in a Stage H burn 1*5 mm. In Stages G and H more infiltration 
occurs in the deepest layers of the dermis and the underlying striated 
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muscle than in the region where the most marked damage to the 
collagen fibres has occurred. 

In all cases there is much less infiltration into the superficial layers 
of the dermis containing the hair follicles (stratum papillate) than in 
the deeper stratum reticulare. This is true both for the burnt area 
and the adjoining unburnt skin. Both true polymorphs and pseudo- 
eosinophils infiltrate. 

Horizontal Distribution of Changes . 

There is no gradient of change in the burnt area except at the edge. 
In a Stage D burn epithelial changes extend over a distance of 1 mm., 
and in a Stage H burn about 2 mm. The ability to recognize the 
intermediate stages here in the appropriate order gives added assurance 
to the grouping adopted (see fig. 12). It also indicates a gradient of 
temperature either under, or just outside, the edge of the burning iron. 

A similar gradient of change occurs in the collagen fibres. With a 
Stage H burn the gradient of changes extends over a distance of 1*5 mm. 

Vertical Distribution of Changes. 

In the central portion of the burn the depth to which changes occur 
depends on the severity of the epithelial changes. No appreciable 
difference exists between burns of a lower temperature of long duration 
and those of a higher temperature and shorter duration, provided that 
the changes in the superficial epithelium are the same. In the hair 
sheaths and follicles a gradient of cellular damage can be followed 
downwards. The changes are not so clear cut, but karyorrhexis has 
been observed in the hair sheath cells at a distance of \ mm. from the 
surface. A few examples of the distribution of the changes will 
illustrate this most important point. 



Surface. 

0-12 

0-25, 

•37 mm. 

1 -minute bum at 55° C. 

D 

B 

A 

A 

1 -minute bum at 65° C. 

F 

E 

C 

A 

10 -minute bum at 55° C. 

F 

E 

D 

B 


Discussion. 

1. An outstanding point of this work is the comparatively low 
temperature required to produce permanent or irreversible damage. 
The critical temperature is in the region of 50° C. for applications of 
the burning iron for three minutes; at 55° C. 1 minute is enough; and 
similar amounts of destruction are produced by 10 seconds at 75° C. 
Hence it can be understood How a very few seconds at higher tempera- 
tures cause damage. Burns at 55° C. for 1 minute produce very good 
scabs. All this is in general agreement with the earlier work of 
Cohnheim [1873] and McMaster and Hudack [1934] for burns of the 
VOL. XXXH, NO. 1. — 1943. 6 
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In Stage H burns a few of the Interfibrillar spaces are filled by a 
basophil coagulum of unknown nature. 

(Edema of the striated muscle of the skin, which lies about 1-5 mm 
from the epithelium, occurs in Stages F-H burns. In Stage F burns 
it is present only in a small part of the centre of the burn, not closer 
than 5 mm. from the edge. In Stage H burns it spreads over a under 
area and is visible 1*0 mm. from the edge. 

'VI, Incipient Blister Formation . — Blisters formed are never large. 
The largest seen was 0*5 mm. in diameter. Care has to be exercised to 
differentiate artefact separation of the epithelium from true blisters. 
.Only when a coagulum can be seen filling the gap between the epithelium 
and the basement membrane can the space be identified for certain 
as a blister. 

The process of blister formation starts with separation of the prickle 
cells from one another. They show great adherence to the basement 
membrane, and long drawn-out processes often keep the epithelium 
tied to it. ‘At this .stage, Stage C granules and a coagulum staining 
bright red with pyronin can be seen in many of the spaces. This has 
been seen 1 minute after burning. 

In Stage D, some of the processes of the prickle cells have dis- 
integrated, allowing a large gap to form between the epithelial cells 
and the basement membrane (see fig. 7). Granules of nucleoprotein 
make their appearance now, both in the blister spaces and in gaps 
between prickle cells. Their appearance definitely succeeds that of 
the pyronin staining substance, which is apparently derived from the 
basophil granules of the cytoplasm. Although some of the blisters 
now contain a coagulum staining with pyronin, most contain a slightly 
basophil coagulum which does not stain with pyronin, and does not 
give the Eeulgen reaction for nucleoprotein. 

It seems likely that blisters are formed by seepage of tissue fluid 
under pressure into spaces caused by the partial disintegration of the 
prickle cells. 

This type of incipient blister differs from that described macro- 
scopically, because it occurs at a lower temperature, about 55° C. 
instead of 65° C. At the latter temperature the epithelium apparently 
remains adherent to the connective tissue unless it is detached by 
mechanical trauma. The ease with which this occurs may probably 
be explained by the hypothesis that the epithelium has become hardened 
by heat coagulation and has lost its elasticity. It cannot here be said 
whether the human blister corresponds to one or both of these types. 

VII. Polymorph Infiltration . — This is most marked in Stages D to P. 

In Stages A to C and G to H it is easihdbtetectable. In all stages it 
extends into the unburnt area. In a staged) burn it extended 0*5 mm. 
and in a Stage H burn 1-5 mm. In-Stages G and H more infiltration 
occurs in the deepest layers of the dermis and the underlying striated 
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loss of its nucleoprotein by karyorrhexis and karyolysis within twenty- 
four hours, and the cytoplasm loses its affinity for basic stains. 

In the second type, temperatures of 60° 0.-80° C. (Stages F-H) 
cause an apparent coagulation of the epithelium. There is less loss 
of nucleoprotein and basophil affinity of the cytoplasm. Collagen 
fibres show considerable damage with loss of acidophil affinity. At 
the same time there is a deeper zone in which some of the changes 
noted under A to E are also present. If all the burn was of the second 
type, we should saj^ from histological evidence that there was nothing 
to support the idea of toxic substances leaving the skin. On the other 
hand, in any less heated area, we shall have conditions approximating 
to those of the first type. Here we have histological evidence that at 
least two substances come from the cells: 

(a) The pyronin staining substance. 

(b) The nucleoprotein. 

We have therefore made some progress towards a histological proof 
of the hypothesis advanced in the introduction by showing that this 
partly damaged layer (see fig. 1) can liberate histologically detectable 
substances. It is certainly suggestive that these changes may occur 
quickly, some within a few minutes and all within 24 hours, which 
would agree in time with the toxaemia to which Wilson and colleagues 
have often referred, and which must be distinguished from bacterial 
toxaemia. Still, as yet we have no proof that the substances seen are 
toxic, and must not shut our eyes to the possibility that any* such 
might be histologically undetectable. Either could arise as the result 
of altered tissue metabolism. 

With these cautions in mind, it is tempting to speculate upon 
correlations found between tissue reactions and the histological 
findings. The pyronin staining substance, for instance, is the first 
to be liberated (i.e. at the lowest temperatures) and corresponds in 
time with the liberation of the H substance [Lewis, 1927] or leucotoxin 
[Menkin, 1940] and the appearance of leucocytic infiltration and 
erythema. 

The oedema could be related either to the migration of nucleo- 
protein or to the change in structure and staining properties of the 
collagen fibres. 

3. This work forms a basis for the correlation of macroscopic, 
microscopic, and biochemical data. We can put some of these together 
already, for temperatures of 55° C. (1 minute exposure). 

There is immediate blanching followed by the following: — 

After 30 mins. Erythema. 

Flare. 

Slight cedema. 

After 8 days Scab formation. 
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ear. Skin temperatures must be below that of the burning iron, and 
may prove sufficiently low to fall into line with the published reports 
of the temperature of inactivation of transplants and tissue cultures.' 
Work is now in progress to verify these points. 

The erythema of 55° C. and 60° C. (1 minute) burns is preceded by a 
transient blanching, which conforms with the momentary cessation 
' of the circulation described by McMaster and Hudack. Burns at 50° C. . 
merely give an erythema, and the histological damage is reversible. 
The' lower temperature of 47° C., even if applied for many minutes, 
produces no macroscopic change, though there may be reversible 
microscopic effects. As this should give temperatures in the skin 
more' nearly approximating to that of the iron, there must be a sharply 
critical point in the biochemical constituent concerned in the cells. 
Preliminary observations upon the thermostability* of a few respiratory 
enzymes have been made already by Dr. B. Olafson; some have also 
been made upon the skin enzymes; and they will be reported in due 
course. 

The oedema found after exposure to temperatures of 60° C.-70° C. 
results in a large increase in water content of the skin, which would 
amount to as much as 57 per cent, of the blood volume if half the 
body surface were burnt. This represents loss of circulating fluid 
to the skin alone and excludes loss to subcutaneous tissue, muscle, 
etc., and the large external loss by exudation from the raw surface 
This finding, like those of Underhill and his colleagues [1930], suggests „ 
that the loss of fluid alone may be responsible for large changes in 
metabolism. 

The calculation for the increase in water content of the skin is as 
follows : — 

500 g. Guinea-pig. 

Weight of skin (excluding head and feet) = 63 g. 

Water content of normal skin =70 per cent., 

i.e, 44 g. water. 

Increase of water after burning is 100 per cent, of normal, ?.e. 22 g. 
if half body surface burned. 

Blood volume ' = 7-7 per cent, of weight 

= 38-5 g. 

Fluid loss to skin if half surface ^ 22 ^ ^ 

burned 38-5 

= 57 per cent, of blood volume. 

This excludes fluid loss to subcutaneous tissue, muscle, etc. 

2 Two main types of histological changes due to exposure to 
temperatures of 45° C.-80 0 C. are found. In the first 50° C.-60 0 C. 
(Stages A-E) there is found a considerable degree of cellular destruction 
in the epithelium; the nucleus undergoes a change resulting in complete 
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7. The observations recorded here are readily reproducible and 
provide a standard method of burning for experimental work. 

■ III. Microscopic Changes. 

1. The histological effects of mild burns of varying intensity and 
duration have been described in detail. They follow the general picture 
previously recorded in necrotic changes. 

2. Two different types of reaction are described; with milder burns 
there is cellular disintegration; with more intense burns, heat 
coagulation. 

3. In more intense burns there is a peripheral shell of changes 
characteristic of burns of lower temperature. 

4. Two substances are lost by the epithelium of skin which has been 
subjected to a burn : 

(а) Basophil granules from the cytoplasm. 

(б) Nucleoprotein from the nuclei. 

These two substances can be identified in the intercellular blister 
spaces. 

5. Collagen fibres change in structure and staining affinity in the 
more intense burns. 

Our thanks are due to the Carnegie Trustees for a personal grant 
to one of us (R. J. Rossiter); to the Nuffield Committee and Trustees 
and to the Medical Research Council for grants which have helped 
the cost of this research, though this has been also much financed 
from University sources. We are grateful to Dr., M. C. Manifold for 
help with some of the preliminary observations and to Dr. A. N. Drury, 
Dr. L, Colebrook, and Mr. E. Rock Carling for their interest. We 
also wish to thank Mr. Marsden for technical assistance with the 
histology. 
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« 

This irreversible change shows loss of pyronin staining material, 
followed by. loss of nucleoprotein ; only the latter seems to be associated 1 
in time with the incipient formation of blister-like gaps. It should be 
stressed that E + for. the animal is the equivalent of rather severe 
reaction in man. , 

Some theoretical points are also worth noting. The earliest change, 
a reversible one, is swelling of the nuclei, the explanation of which, 
when it comes to hand, may prove of great interest. Is it merely due 
to the increased metabolic rate or does some shift in the pH balance 
between the nucleus and C 3 doplasm take place? There is known to 
be normally a greater alkalinity in the nucleus as compared with the 
cytoplasm. 

In large burns it is obvious that there is likely to be a larger area of 
moderately heated tissue; and it would be expected that the larger 
the area, the greater would be the toxic effects; these w’ould be 
therefore worse in the large burn of moderate temperature. 

Summary. 

I. With the object of producing standard low-temperature burns 
in animals, and of studying the area of tissue only partly damaged in a 
burn, a burning iron has been made capable of applying temperatures 
from 45°-80° C. to the skin ; with this the amount of heat and tempera- 
ture causing skin damage has been studied, and the macroscopic and 
microscopic. damage due to graded temperatures have been delineated. 


II. Macroscopic Changes. 

1. Graded temperatures of 45°-80° C. have been applied to the skin 
of shaved, anaesthetised guinea-pigs, and in some cases rats, for times 
varying from 10 sec. to 6 and 10 min. Observations have been made 
of the development of erythema, flare, blanching, blueing, heat fixation, 
incipient blister formation, oedema, and edge wheal, as also upon the 
later scab formation and rate of epithelium regeneration. 

2. Applications of 47° C. up to 6 minutes produce no visible change. 

3. At 50°-55° C. applied for 1 minute and over, there is a critical 
temperature for the development of permanent and irreversible damage; 
in animals good scab formation occurs after burning at this temperature. 

4. After temperatures of 60°-G5° C. the epidermis can be peeled 
off from the exposed area, leaving a punched-out exposed surface area 
somewhat like the exposed human blister. 

5 A temperature of 7 0°-S0° C. for 10-20 seconds produces severe 

SCa ^Observations of oedema formation have been checked by wet 
and dry weights of specimens of skin taken 2 hours after heating. 
At 55° C. there is some change, but this is more definite at 60° C. 
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[Plate X. 



3. — Normal skm of guinea-pig stained with 
t’s iron hrcmatovylm and eosm. Magmfica- 
170. Same stain and magnification in 
figs. 4-11. 


Fig. 4. — Stage A. *">0° C. for 1 mmu 
Komo\ cd 2 hours later. 


^ v 

, ' o- © <L 

•« ~ • «* <5 Za ° 



Vlo 


$ V v 



</ 





> 


Fig. o.— -Stage B. 55° C. for 1 minute. 
Removed 5 minutes later. 


Fig. 6* — Stage C. 35° C. for 1 mmu 
Removed 1 minute later. 
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—Normal skm of gumea-pig stamccl with 
3 iron hematoxylin and cosm. Magmfiea- 
[). Sumo stain and magnification in 
figs. 4-11. 


Fig. 4.— Stage A. 50° C. for 1 minute 
Removed 2 hours later. 
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Fig. 3 — Stage B. 55° 0. for 1 minute. 
Remo\ ed 5 mmutes later. 


Fig. 6 — Stage C. 55° C for 1 minute 
Remo\ ed 1 minute later. 
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7. — Stage D. 35° C. for 1 minute. 
Removed 2 hours later. 
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o. 9. — Stage F. C0° C. for 1 minute. 
Removed immediately. 



Fig. 8. — Stage E. 35° C. for 1 minute 
Removed 2 hours Inter. 



Fig. 10. — Stage G. 70° C. for 1 mini: 
Removed 2 hours later. 


Leach, Peteks, and Rossitek, " Experimental Thermal Burns, especially the Moderate 
Temperate Burn.” 




NOTE ON THE SPINAL ORIGIN OE VASOCONSTRICTOR 
FIBRES TO THE ARM IN MAN. By J. R. Learmonth 
and R. L. Richards.* From the Department of Surgery, 
University of Edinburgh. 

* (Received for publication 12th January 1943.) 

Recently a clinical problem has allowed us to make certain observa- 
tions on the reflex vasomotor control of the arm. 

The patient was an intelligent youth of nineteen, who had been 
referred to J. R. L. by the courtesy of Mr. W. A. Cochrane. He suffered 
from spastic right hemiplegia dating from birth. This was complicated 
by gross athetosis of the right arm and right shoulder girdle, which 
was a serious hindrance to his getting about (he had to hold the right 
arm with his left hand) and a source of great mental distress to him. 
The lad and his parents were very anxious that the movements should 
be stopped. The only procedures worth considering were forequarter 
amputation, or intraspinal division of the anterior roots destined for 
the brachial plexus. After full discussion the parents chose the latter 
procedure, and on 12th October 1942 the anterior roots on the right 
side were divided, within the dura, from the fifth cervical to the second 
thoracic segments, inclusive. 

After operation the forequarter was completely paralysed, with 
the possible exception of the rhomboids. It was not easy to be sure 
of this, because the shoulder girdle was still moved involuntarily, but 
much less violently, by the trapezius. Sensation was unimpaired save 
for some hypsesthesia in the second thoracic segment. 

Vasomotor Responses . — On 25th November 1942 the patient was 
placed in a cool room. Thermocouples were attached to the left 
middle finger (control), and to the right little finger, right middle finger, 
and right thumb, and readings of skin temperature were taken at 
intervals of 3 minutes (fig. 1). At 23 minutes the feet and legs were 
immersed in water at 45° C. At 39 minutes the skin temperatures t 
of the fingers began to rise, the rate of rise being nearly the same on 
both sides; the temperatures reached were somewhat higher on the 
left side. At 60 minutes the following temperatures were recorded 
on the right (paralysed) side: thumb 32° C., index 34° C., middle 

* One of us (R.Li. R.) receives a personal grant from the Medical Research 
Council. 
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34-5° C., ring 34° C., little 34° C. It was noted that the ulnar side of 
the right hand felt warmer than the radial side; the thermocouples 



Fig. 1. 


were transferred to the thenar and hypothenar eminences, and to the 
wrists. The clinical impression was confirmed by the following 
readings: — 


Thenar eminence 
Hypo thenar eminence 
Wrist 


Right. 

23-5° C. 
34° C. 
24*5° C. 


Left. 

32° C. 
34-5° C. 
31° C. 


Summary. 

The observations show that, in this patient, reflex vasomotor 
snonse in an arm was normal, when the most cranial source of its 
preganglionic vasoconstrictor fibres was the third thoracic segment of 

the spinal cord. 



RENAL DAMAGE DUE TO CRUSH INJURY AND ISCHAEMIA 
OE THE LIMBS OF THE ANESTHETIZED DOG. By 
M. Grace Eggdeton, K. C. Richardson, H. 0. Schild, and 
F. R. Winton. From the Department of Pharmacology, 
University College, London. 

{Received for publication 15 th January 1943.) 


Air-raid casualties suffering from extensive and prolonged crushing 
of limbs often die a week or so later from renal failure. This renal 
condition in man has been described by Minami [1923], Beall, By waters, 
Belsey, and Miles [1941], Bywaters and Beall [1941], Mayon-White 
and Solandt [1941], and others. At the suggestion of Dr. J. M. 
McMchael we undertook an experimental study of the condition, and 
in the first instance chose an experimental preparation, the anaesthetized 
dog, on which the analysis of renal function has been relatively fully 
developed. If prolonged crushing and ischemia of limbs could produce 
a rapid failure of renal function under conditions of an acute experiment, 
the affair would become more accessible to experimental analysis, both 
in respect of the mechanism of the lesion and of the testing of various 
therapeutic procedures. 

Experiments conducted on these lines showed marked renal damage 
as indicated by the first nine sets of observations summarized in 
Table I, A. The hypothesis was then explored that a toxic agent 
released from the injured limbs and transmitted through the blood- 
stream to the kidney, passed through the glomerulus and was con- 
centrated in the tubule, exerting there its maximum effect. If this 
were so, one might expect that a period of low urine flow accompanying 
the fall in arterial pressure, as in human cases, would afford conditions 
for maximum damage to the kidney. Fluids or diuretics were, there- 
fore, administered to counteract the anuria in the hope of diluting the 
toxic agent in the tubules and reducing the damage, A second series 
of eight sets of observations were made on dogs in which a brisk urine 
flow was maintained throughout by intravenous infusion of various 
diuretics, but as indicated in Table I, B the renal damage was no less 
severe than in the dogs of the first series. 

A more crucial test of the hypothesis that the toxic agent acted in 
virtue of its concentration in the tubules was provided by comparison 
of two kidneys in the same dog, one of which was submitted to increased 
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ureter pressure, so reducing the urine flow and increasing the con- 
centration of those substances which, like creatinine, are concentrated 
by the kidney. These sets of observations on five dogs (Table II) 
justified a final rejection of this hypothesis. 

An analysis of the variation of creatinine and chloride excretion, 
of the pigment in the urine, and of the post-mortem and histological 
appearances of the kidneys in these experiments, together with a few 
additional experiments, for example on the influence on renal function 
of low arterial pressure due to intravenous infusion of histamine without 
crushing of limbs, -has led to provisional conclusions concerning the 
nature of the lesion which are formulated below. 


Methods. 

Most of the dogs in this series were anaesthetized with nembutal 
(Abbott, 0*7 c.c. per kg. body -weight) injected intrap eritoneally, with 
supplementary doses of the same drug usually admimstered slowly 
intravenously later in the day as required. A few of the dogs were 
anaesthetized with ether-chloroform mixture before intravenous in- 
jection of chloralose (0T g. per kg.) and were found to react in the 
same way as those anaesthetized with nembutal. 

Creatinine, usually about 6 c.c. per kg. of 5 per cent, solution, was 
injected intravenously. The ureters were cannulated, and the urine 
from each collected in a 5-c.c. graduated tube and its rate of flow 
continuously recorded [Winton, 1939]. The carotid arterial pressure 
was also recorded. Blood samples were collected from the brachial 
artery. A continuous intravenous infusion of a solution of creatinine 
and urea was maintained at a rate estimated to replace the loss of these 
substances in the urine. 

Creatinine was estimated as described by Eggleton, Pappenheimer, 
and Winton [1940 d] and chloride by Volhard’s method. 

Since the characteristic conditions which produced renal damage 
in man appeared to involve both damage to limb muscles and prolonged 
ischaemia, we reproduced these conditions in the dog by binding rubber 
tubing fairly tightly round both hind limbs, from ankle to thigh. Soon 
after applying the bandage, each thigh 'was crushed in a large vice for 
about five minutes, some of the muscle being further injured by hitting 
with a hammer. The bandages were left in position for 4-5 hours, so 
as to produce ischaemia corresponding with the prolonged compression 
of the limbs in air-raid casualties. 

Histological Methods . — Routine histological examination of the 
kidneys was made from paraffin sections of material fixed in the Dubosc- 
Brasil modification of Bouin’s fluid (alcohol-picro-formol) and stained 
with Masson’s hematoxylin, light green , eosin. The mitochondria of 
the cortical tubule epithelium were fixed by Schridde’s method and 
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stained with Heidenhain’s iron hsematoxylin. A few tests were made 
for the presence of haemoglobin or myohcemoglobin in frozen sections 
of material fixed according to the method of Slonimsld-Lapinski and 
stained with Lison’s zinc-leuco prepared from acid violet. 


Besults. 


A typical experiment showing the influence of crushing and pro- 
longed ischremia of both hind limbs is depicted in fig. 1. Luring the 
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Fig. L — Anesthetized dog (9*5 kg.), showing changes in renal function, (a) 
when circulation is readmitted to crushed and ischsemic limbs, (b), when the blood 
volume is restored, and (c) when the urine flow is increased by a diuretic. 


period of isckagmia, usually in the latter half of the period, the arterial 
pressure rises, the urine flow falls, and there is a small but definite fall 
in creatinine clearance. During the same period the chloride con- 
centration in the urine falls. These changes could be explained by 
an ingravescent change in sympathetic tone reducing glomerular 
capillary pressure. At the time marked “release,’ ’ the bandages were 
removed from the limbs, and the doughy consistency of the thighs 
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was transformed into the normal more resilient one in a few minutes 
by massage. (Edema developed in the limbs, was readily detected 
half an hour after the release, and progressed thereafter, becoming 
severe in degree. 

In the experiment described in fig. 1, and in similar experiments 
forming the first group in Table I, the fall of arterial pressure which 
followed immediately on releasing the limbs was not counteracted for 
one hour, the urine flow meanwhile remaining at a very low value or 
ceasing completely.. Restoration of the arterial pressure to a value 
which produced a urine flow of the same order as before release of cir- 
culation to the limb, resulted in a creatinine clearance averaging 
one-third of the pre-release value. 


Table I. — Changes in Creatinine Clearance (Single Kidney) following 

Injury to Limbs. 


Expt. 

No. 

Wgt. 
of dog, 

Kg. 

Creatinine clearance,* 
c.c. /min. 

Urine flow, 
c.c./min. 

Blood pressure, 
mm./Hg. 

! . 

Pigment 

in 

urine. 

Before. 

After. 

Per 

cent. 

dec. 

Before. 

After. 

Before. 

After. 

A. Belcctse of Limbs followed by Period of Amiria lasting 45-65 Minutes . 

2 * 

15 

22 

1*7 

93 

015 

0*08 

195 

130 

+ 

4 * 

6 

11-8 

12-8 


0-94 

1*50 

195 

140 

0 

5 

11 

29 

12 

59 

0-17 

0*40 

135 

100 

0 

6a* 

9-5 

29 

4*4 

85 

0*11 

0*11 

105 

95 

a* 

6b* 

9-5 

21 

3*8 

82 

0-10 

0*17 

105 

95 

+ 

7 * 

11-5 

22 

11 

50 

0-07 

0*06 

125 

90 

0 

9 t 

11 

28 

4*2 

85 

0-08 

0-18 

125 

145 

+ + 

23 a 

10 

32*5 

14*1 

56 

1*14 

0*25 

155 

105 

-f 

23 b 

10 

34 

15*1 

56 

1*22 

0*25 

155 

105 

* + 



B. 

Amiria prevented by Intravenous Diuretics . 



10 * 

13 

11*5 

5*4 

53 

0-25 

0-59 

160 

90 


11 a 

11*5 

22 

10 

55 

0*36 

0-26 

130 

100 

+ + 

11 b 

. , 

22 

13 

59 

0-35 

0-34 



+ 

12 

9 

14*7 

3*7 

75 

0*40 

0*39 

115 

97 

. 0 

15 

23 

48 

13 

73 

0*13 

0*39 

110 

105 

+ + + 

16 

15 

' 19*4 

5 

74 

0-35 

0-30 

120 

100 

+ 

17 

12 

22-5 

6*3 

72 

0-58 

0*33 

115 

105 

+ 

18 

12*5 

30*2 

8*3 

73 

0-51 

0-78 

100 

60 

+ 










- 


* Control sample taken before period of binding; elsewhere before binding, 
f Limbs ischemic but not crushed. 


The Effects of Diuretics on the Damaged Kidneys. 

It will he seen from fig. 1 that intravenous injection of a large dose 
of hypertonic saline (80 c.c. of 20 per cent. NaCl) produces not only a 
10-fold increase in urine flow, but more than doubles the creatinine 



Crush Injury and Ischemia Limbs of Anaesthetized Log 93 

clearance, restoring it to about one-half of its original value. The 
average values for observations on four damaged kidneys were that 
a dose of sodium chloride of 1-4 g./kg. injected in 20 per cent, solution 
increased the urine flow 15-fold, and the creatinine clearance just over 
2-fold, In similar observations on eight damaged kidneys, 5 per cent, 
sodium bicarbonate in doses averaging 0*45 g./kg* more than doubled 
tlie urine flow and increased the creatinine clearance by 30 per cent. 
When saline, gum saline, or ox serum was injected into doge with 
damaged kidneys in amounts averaging (in five observations) 32 c.c./kg., 
in circumstances in which there was no large rise in arterial pressure, 
the urine flow increased on the average 7 -fold, and the creatinine 
clearance 2‘2-fold. Most of our observations on the action of sodium 
sulphate are not comparable with the above, as a 1 10 per cent, solution 
was commonly infused slowly over long periods, this being a reliable 
method for maintaining a brisk urine flow from the damaged kidneys. 
A single dose averaging 0*9 g./kg. sodium sulphate was administered 
rapidly in only two animals, the mean increase in urine flow being 
7£-fold and that in creatinine clearance being 40 per cent. 

It is difficult to know on what basis to compare the merits of these 
diuretic procedures. The increase in the absolute value of the creatinine 
clearance described above is probably a good indicator of the change 
in excretory capacity of the kidney. It may be recalled, however, that 
the increase in urea clearance is proportionately greater than that in 
the creatinine clearance by an amount which depends on the increase 
in urine flow [Eggleton, Pappenheimer, and Winton, 1940 b]. Another 
basis of comparison is obtained by calculating the increase in creatinine 
clearance corresponding with a doubling of urine flow — assuming that 
over the relevant range the increases in these two variables are pro- 
portional, In the above observations, the increase in clearance corre- 
sponding with 100 per cent, increase in urine flow was 26 per cent, with 
sodium bicarbonate, 7 per cent, with hypertonic saline, and 20 per cent, 
with increase in blood volume (saline, gum saline, serum). These 
values may be contrasted with those obtained by Eggleton et dl . [1940 b] 
on a similar preparation with undamaged kidneys; in these a rise in 
arterial pressure which doubled the urine flow raised the clearance by 
14 per cent., injection of Ringer’s fluid was accompanied by practically 
no change in the clearance, and urea diuresis actually involved a 10 
per cent, reduction in creatinine clearance. If, however, urea be 
administered to a dog with abnormally low urine flow due, for-examjfle, 
to low arterial pressure, it will increase the creatinine clearance [Winton, 
1934 6], and this phenomenon may account for the usually large 
increases in clearance produced by diuretics in the damaged kidneys. 
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Renal Function when Amiria is Prevented . 

The problem arises whether the condition of anuria persisting for 
a considerable period after readmission of circulation to the limbs, as 
in experiments summarized in Table I, A, is an essential antecedent 
of the renal damage which subsequently becomes manifest. Stasis in 
the tubules might have deleterious consequences for a number of 
reasons, for example, the high concentration which a diffusible poison 
might thus attain, or the long time available for a substance slowly 
precipitated to aggregate and become capable of blocking the tubules. 

In all but one experiment, it was found relatively easy to prevent 
this anuria and to maintain the urine flow at about its previous level 
by adjusting to a suitable rate an intravenous infusion of a diuretic, 
usually 10 per cent, sodium sulphate. It will be seen from Table I, B, 
which summarizes such experiments, that the damage to the kidney 
was of the same order as that in the experiments (Table I, A) in which 
there was an anuric period. 

Evidence from Partially Obstructed Kidneys . 

It has been argued [Winton 1934 6] that an increased creatinine 
clearance produced by reduction in rehbsorption of water by a tubular 
diuretic can be most simply explained by supposing that the tubules 
are not impermeable to creatinine, some of which is restored to the 
blood stream by passive diffusion. The beneficial effect of diuretics 
on the damaged lddneys described above might also be explained in 
this fashion, but in this instance an additional factor might be pre- 
dominant if the damage were due to a filterable poison which became 
concentrated in the tubules and exerted its action in virtue of its con- 
centration at this site. Diuresis would involve a low concentration of 
poison as it does of all “low threshold” substances, and consequently 
less toxic effect. The latter hypothesis can be tested by observing 
the effects of partial blocking of urine flow by increased ureter pressure. 

In the class of experiment represented by fig. 2 one kidney was 
partially obstructed before, or early in the ischaemic period, and kept 
so till some hours after the readmission of circulation to the limbs. 
Soon after this readmission the creatinine concentration in the urine 
from the obstructed kidney (fig. 2) was four times as high as that in 
the urine from the unobstructed kidney. If the poison had been 
similarly more concentrated on the obstructed side, the severity of the 
damage should have been greater on that side. In fact, the obstructed 
side after removal of the obstruction, was, if anything, a little less 
severely damaged than the unobstructed side. Unless the effect of 
the poison is fully and immediately reversible, this excludes the 
hypothesis that the damage is due to a diffusible poison which is con- 
centrated in the tubules and produces its effect on the tubular cells in 
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;ontact with it, and confirms in this respect the less specific indications 
lerived from experiments considered in the previous section. 

The observations depicted in fig. 2 were confirmed in other animals 
is shown in Table II. It will be seen that when a damaged kidney 



„ xi ”' ^ . Kg.;,, snowing effects on renal function (a) of 

crush and ischemia, and (b) of roadmission of circulation to the limbs, whoa one 
ludney is partially obstructed by increase in ureter pressure. The effects of 
removal of the obstruction show that the previously obstructed kidney is not more 
damaged than the control kidney. 


has been obstructed for some hours and is then released, its creatinine 
clearance is usually rather higher than that of its fellow which has also 
been damaged but not obstructed. This effect is small, but the more 
significant since in control experiments with undamaged kidneys, a 
tong period of partial obstruction of one kidney results after its release 
m a lower creatinine clearance on the previously obstructed side than 
on the unaffected side, as shown in fig. 3. The urine flow from the 
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previously obstructed lddney is, however, greater than that of its un- 
obstructed fellow, both in the presence and absence of damage, and it 
seems that prolonged partial obstruction produces some fairly long 
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Fig. 3. — Anaesthetized dog (13 kg.), limbs undamaged, showing (a) the effects 
of prolonged partial obstruction of one kidney, (6) the effects of removal of such 
obstruction, and (c) the effects of a period of low arterial pressure duo to intravenous 
infusion of histamine — restoration of pressure' showing unimpaired renal function. 


lasting diminution in water reabsorption which does not occur after 
partial obstruction lasting for an hour or less. 


Changes in the Urine during Ischcemia of the Limbs . 

During the period of 4—5 hours which involved as complete an arrest 
of circulation in the hind limbs as a tightly bound rubber tube covering 
much of the limb surface could achieve, there was usually a slow pro- 
gressive rise in arterial pressure accompanied by a fall in creatinine 
clearance (Table III). This may well be due to a progressive rise in 
sympathetic tone, producing a fall in glomerular capillary pressure. 
The associated fall in urine/plasma concentration ratio of chloride 
(Table IV) is greater than might be expected on this hypothesis, but 
the effect may have been augmented by the ‘employment of diuretics 
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?able XI.— The Influence of Partial Ureteral Obstruction on the Renal 
Damage due to Crushing and Binding of Limbs. (One Kidney was 

PARTIALLY OBSTRUCTED BY RAISING URETER PRESSURE, THE OTHER WAS 

left Unobstructed.) 

Before releasing limbs: one ureter obstructed. Showing concentration of 
creatinine (higher U/P ratio) and diminution of clearance on obstructed side. 

B. After releasing limbs: one ureter obstructed. Showing fall in clearance on 

both sides with relative concentration of creatinine (and of hypothetical 
toxin) on obstructed side. 

C. After removing ureter obstruction. Showing on the side which had been 

obstructed clearances which are, if anything; slightly higher than in the 
controls. 


Expt. 

No. 

Wgt. 

of 

dog, 

Kg. 

Ureter. 

Urine flow, 
c.c./min. 

Creatinine U/P 
ratio. 

Creatinine 

clearance, 

. c.c./min. 

Blood 

pressure, 

mm./Hg. 

A. 

B. 

c. 

0! 

B. 

C. 

A. 

B. 

C. 

9 

B. 

c. 

12 

9 

Obstructed 

m 

0*043 

0*38 

100 

42 

14*4 

6 

2*1 

5*5 

115 

95 

115 



Unobstructed 



0*51 

37 

9-4 

12*0 

14*7 

3*7 

6*1 




15 

23 

Obstructed 

0*058 

ES£& 

0*445 

550 

130 

41 

32 

5*1 


115 

100 

105 



Unobstructed 

0*13 

m 

0-51 

380 

33 

28 

48 

12*5 





16 

15 

Obstructed 

m 


mu 

81*5 

24-5 

12*7 


|E 

7*7 

125 

100 

95 



Unobstructed 




58 

16*6 

12*6 


1 

3*8 




17 

12 

Obstructed 

m 


0*62 

88 

92 

Sfj 

8 

8 

9 

165 

105 

85 



Unobstructed 

& 


0*46 

64 

19*1 

jjjg 

23 

6*3 

7*7 




IS 

12*5 

Obstructed 



1*01 

50 

18 


2*5 

si 

9*4 

m 

m 

65 



Unobstructed 





11*2 

Hiflh 

H 

13 

8*3 

7*2 





Table III, — Changes in Creatinine Clearance during Prolonged 
Ischaemia of Limbs. 


Expt. 

No. 

Wgt. 
of dog, 

Creatinine clearance, 
c.c./min. 

Urine flow, 
c.c./min. 

Blood pressure, 
mm./Hg. 

Kg. 

Before. 

During. 

Per cent, 
decrease. 

Before. 

During. 

Before. 

During. 

5 

11 

29 

24 

17 

0-14 

0*17 


135 

6 

9*5 

29 

14 

52 

0*11 


105 

125 

9 

11 

28 

5 

82 


0*04 

125 

180 

11 1 

U*5 

22*5 

20*5 

9 

0-42 


120 

150 

12 1 

9 ! 

14*7 

9*2 

37 

0*40 

0-28 

115 

180 

15 

23 

48 

30-5 

36 

0-13 

0*16 

110 

120 

16 

15 

19*4 

10*6 

45 

0-35 

0*59 

120 

150 

17 

12 

22*5 

23 

0 * 

0-58 

0*36 

120 

165 

18 

12*5 

30*2 

13 

58 

0-51 

0*64 

100 ' 

120 

22 

8 

22*5 

13 

42 

0-25 

Bin 

115 

185 

23 

10 

34 

13-6 

60 

1*27 

0*13 

155 

165 


* * 

32*5 

12*3 

62 

1-14 


•* 
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to prevent too drastic a fall in urine flow, -which would have rendered 
collection of samples for analysis difficult. 


Chloride and Pigment in Urine after Damage . 

Poisoning of tubule cells is usually manifested by inhibition of 
chloride reabsorption and consequent rise in chloride U/P ratio, in 
animals such as ours, in which the chloride concentration in the urine 
is lower than that in the plasma. Table IV shows, however, that there 
is not that regular rise in U/P ratio as a result of damage which might 
have been expected. The changes which occurred are probably mainly 
attributable to the effects of the diuretic agents detailed in the last 
column of the table. 

Urine from the damaged kidney is usually markedty pigmented. 
We assumed at the time that the pigment was haemoglobin as nn- 
ruptured red blood corpuscles could sometimes be seen along with 


Table IV. — Changes in Urine/Plasma Chloride Concentration Ratio due 
to Prolonged Compression and Crushing of Limbs (A-B), and to their 
Subsequent Release (B-C). 

A. Before tying limbs. B. During compression. C. After release of limbs. 


Expt. 

No. 

Wgt. 

of 


dog. 

Kg. 

A. 

2 

15 


4 

6-25 

. . 

5 

11 

0-54 

0-7 

6 

9-5 

0-49 

7 

11-5 


9t 

11 

0-096 

10 

13 

0-023 

11 

11*5 

0-02 

12 * 

9 

0-59 

15* 

23 

0-42 

16* 

15 

0-032 

17 * 

♦12 

1-05 

.18* 

12-5 

0-55 

22 

8 

0-9 


Cl. U/P. 

Urine flow, 

Change in 

c.c. /min. 

Cl. U/P. 

B. 

C. 

A. 

B. 

c. 

B-A. 

C-B. 

0-037 

0-16 


0*126 

0-076 


+ 0*123 

0-032 

0-048 


0-092 

0-15 


+ 0-016 

0-12 

0-30 

0-142 

0-173 

0-019 

-0-42 

+ 0-18 

0-04 

0-4 

0-108 

0-064 

0-11 

-0-66 

+ 0-36 1 

0-042 

0-43 

0-095 

0-089 

0-171 

- 0-45 

+ 0-39 j 

0-14 

0-071 


0-071 

0-062 


-0-07 

0-085 

0-23 

0-0S1 

0-035 

0-18 

-0 011 

+ 0-145 

0*018 

0-023 


0-25 

0-62 


+ 0-005 \ 

0-014 

0-015 


0-26 

0-61 


+ 0-001 / 

<0-008 

<0-008 

0-42 

0-34 

0-4 

-0-015 

0 l 

<0-008 

<0-008 

0-42 

0-35 

0-38 

-0-012 

0 / 

0-007 

0-011 

0-4 

0-28 

0-4 

-0-58 

+ 0-004 

0-17 

<0-01 

0-13 

0-106 

0-39 

-0-25 

-0-16 

: 0-017 

0-014 

0-35 

0-59 

0-3 

! -0-015 

-0-003 

0-075 

0-013 

0*58 

0-36 

0-33 

-0-9S 

-0-062 i 

OA 

© 

6 

<0-02 

0-51 

i 

0*64 

0-75 

-0-53 

0 , 

0-04 

•* 

0-22 

0-04 


-0-86 

*■ 


400 c.c. gum salino (C) 
320 c.c. gum saline (C) 
100 c.c. saline (#) 
>440 c.c. gum saline (CJ 

400 c.c. saline (£) 
2 g. urea # Pjj 
400 c.c. gum saline (C) 
5 per cent. Na 2 S0* 
throughout ^ 

5 per cent. 

throughout - 
400 c.c. saline 
170 c.c. 5 per cent. 

Na 2 S° 4 B 

100 c.c. Na 2 SO, (C) 
per cent. Na.SOi 
throughout 


00 c.c. I 
Na 2 S0 4 


per 


50 c.c. 5 per 
NaHC0 3 


(A) 

cent. 

(B) 

«ss 

(B) 


1= Ureter pressure raised on other side. t Limbs ischzcmic but not crushed. 
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casts in the urine* No test was made for the presence of myohsemo- 
globin. It was noteworthy that the degree of pigmentation of the 
urine was not parallel with the degree of damage indicated by the 
reduction in creatinine clearance (Table I). 

The Effects of Prolonged low Blood Pressure due to Infusion 

of Histamine . 

It has been suggested by some workers on shock that a variety of 
organs may be damaged by exposure to low arterial pressure. In three 
dogs we depressed the arterial pressure to a value of 30-50 mm. Hg 
by intravenous injection of histamine, and held the pressure at about 
this value by infusion of histamine at an appropriate rate for f-1 hour. 
When the infusion ceased, the arterial pressure at first rose rapidly, 
but instead of waiting for it to be restored to the pre-histamine value 
in this way we increased the blood volume by injection of ox serum or 
gum saline till the pressure had recovered. 

During the period of histamine infusion there was no urine flow. 
After restoration of the arterial pressure, the urine flow recovered to 
about its original value, and the concentrating power of the kidney 
was unimpaired as indicated by full recovery of the creatinine clearance. 
One of the three experiments of this kind is depicted in fig. 3. 

Macroscopic Appearance of Kidneys Post-mortem . 

The kidneys were notably flaccid, particularly in view of the lavish 
employment of diuretics toward the end of the experiments. The cut 
surface showed a yellowish cortex, marked by pale striations at the 
cortico -medullary junctions, often giving the appearance of a pale 
zone resembling that described in human kidneys after crush injury. 
The medulla was usually bluish pink in colour. 

Microscopic Appearance of Kidneys Post-mortem . 

In a series of 12 dogs with crushed limbs which were bound for a 
period of 4-5 hours, no specific lesion in any of the various regions of 
the nephrons could be detected, although there had been an immediate 
disturbance in renal function demonstrable when the circulation in 
the damaged limbs had been restored. Since the duration of acute 
experiments was unlikely to be sufficient for the development of renal 
lesions comparable with those described in human cases at autopsy, 
an investigation of the mitochondria in the tubule epithelium was 
made in all the dog kidneys, with the object of detecting cytological 
changes which might be correlated with a disturbance in function. A 
sequence of changes in the shape and staining reactions of mitochondria 
following cell injury has been described for many tissues in vivo and 
in vitro , the mitochondria being remarkably sensitive to cell poisons 
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and trauma. In particular the mitochondria in the epithelium of the 
proximal convoluted tubules of the kidney have been shown to respond 
within less than one hour to heavy dosage with poisons such as uranium 
acetate and sodium oxalate [Gough, 1931]. No significant change in 
the mitochondria of the proximal tubules of the present series could 
be found except in one dog which developed irreversible anuria following 
crushing and ischaemia of its limbs. 

The histological appearances of the different regions of the nephron 
in dogs with crushed limbs were as follows. 

Glomeruli and Bowman's Capsule. — The glomeruli in eleven dogs 
of this series were normal. Foci of atrophic glomeruli or some of the 
structural changes associated with glomerulo-nephritis were present in 
the remaining dog. The glomerular capillaries appeared to be intact 
since there was no evidence of bleeding into the capsular spaces. Trom 
the appearance of the glomerular tufts it was impossible to detect any 
disturbance of capillary circulation. The degree of distension or con- 
traction of the tufts could not be correlated with the flow of urine 
recorded at the time when the kidneys had been removed. In the one 
dog which developed irreversible anuria there was more contraction of 
the tufts than in any other animal of the series.. 

A non-cellular deposit staining strongly with eosin was found in 
some of the capsular spaces of all but one dog. This took the form of 
granular debris or corpuscular masses closely resembling red blood 
corpuscles. It was impossible to identify the nature of the granular 
material precipitated by the fixing fluids and the corpuscular masses 
did not give staining reactions consistent with their being red blood 
corpuscles. 

Proximal Convoluted Tubules. — In all the kidneys examined, this 
part of the nephron was free from obvious cellular damage. The brush 
border was intact and clearly defined even in the dog which developed 
irreversible anuria. Dilatation of the convoluted tubules had occurred 
in eleven dogs of the series, and this appeared to be independent of 
the urine flow occurring at the' time of death.. The granular and 
corpuscular deposit found in the glomerular capsules was concentrated 
in many of the proximal convolutions, but it was never compacted to 
form homogeneous casts or what might be regarded as a complete 
obstruction to the flow of mine, see PI. I, fig. S. Ten of the dogs with 
crushed limbs had been given gum saline or ox serum during the course 
of the experiments and it seemed not unlikely that some of the debris 
was from these infusions, see PI. I, fig. 5. In two dogs with crushed 
limbs which were not treated with these substances, however, a dense 
precipitation of similar granular and corpuscular material was observed, 
and even in apparently normal animals deposits with similar histological 
appearances are not uncommon. 

The mitochondria in the epithelium were in the normal form of 
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elongated threads packed closely together within the cytoplasm in all 
dogs except the one which developed irreversible anuria, see PL I, fig. 0. 
In this last dog of the series the mitochondria had broken up into 
rounded granules, a change indicating an early phase of cell injury, see 
Pl. I, fig. 7. . 

The Straight Part of the Proximal Tubules.— The epithelium of this 
region of the nephron appearing at the junction between cortex and 
medulla or within medullary rays is formed of large cells which project 
in a serrated manner on the internal surface of the tubule, so that in 
the collapsed state the lumen of the tubule is narrow and tortuous. 
Again in eleven dogs, although the epithelium was normal, much in- 
soluble material had been precipitated within the lumen, see Pl. I, 
fig. 8. It was this material which often could be seen macroscopically 
on the cut surface of the kidney to form a series of pale somewhat opaque 
striations extending from the cortex to the medulla. 

The Loops of Henle and the Distal Convoluted Tubules . — From the 
point where the thin descending limb begins to the end of the distal 
convoluted tubule, the nephrons were normal and often widely dilated, 
see Pl. I, figs. 4 and 9. While all the distal convolutions were empty, 
a few loops, particularly in the papillary zone of the medulla, contained 
hyaline casts in three of the specimens examined. In contrast with the 
proximal parts of the nephron, these regions gave the appearance of 
having been washed through in a remarkably even manner. 

The Collecting Diiets . — In three of the dogs a small amount of granular 
deposit, not sufficient to cause obstruction, was found in some of the 
papillary ducts. A few ducts in another dog contained desquamated 
epithelial cells. 

The Renal Blood Vessels. — No significant vascular lesions could be 
found either in the cortex or the medulla. Vasodilation was often 
marked in the capillaries of the medulla and the veins of the cortex 
were widely distended in all cases. 

Controls. — Three dogs, which had been placed under experimental 
conditions of anaesthesia and infusion with gum saline or ox serum, 
were^ given histamine. Their limbs were not crushed or bound. 
Sections from the kidneys of these dogs, together with some of un- 
specified but presumably 'normal origin, were examined particularly 
with a view to determining whether the deposits found in the nephrons 
of the crushed limb series could in any way be regarded as specific for 
the condition of ({ c crush 5 * anuria. The kidneys of the dogs treated 
with histamine appeared quite normal except for a heavy deposit of 
granular and corpuscular material within many of the capsular spaces 
and throughout almost all the proximal convolutions and the straight 
proximal tubules, see FI. I, fig. 5. The distal portions of the nephrons, 
including the loops, were distended and usually empty. It was quite 
clear, from an examination of further sections from normal dogs in 
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which similar insoluble material was again found within the lumen of 
the proximal regions, that no special significance could be attached to 
its presence in the crushed limb series, nor could it be regarded as form-* 
ing in any individual nephron a complete or even substantial obstruction 
to the flow of urine. It should be emphasised that the degree of pre- 
cipitation of substances normally present in the lumina of kidney 
tubules will vary with the composition of the fixing fluid. Aqueous 
solutions of formaldehyde will reveal rather less insoluble material in 
sections than the more energetic fixatives such as Bonin’s fluid con- 
taining alcohol. A somewhat similar variation may be expected in 
the “structural 5 ’ appearances of deposits after different techniques 
of fixation. It would be unwise to assume that any of the coagulable 
material found in the tubules was protein escaping into the damaged 
nephrons. 


Discussion. 

The observations described above have shown that crushing com- 
bined with prolonged ischaemia of the hind limbs of an anaesthetized 
dog injures the kidneys and that the injury persists when the arterial 
pressure is restored. The injury is characterized by great lowering 
of the creatinine clearance, the creatinine U/P ratio being low even at 
low urine flows. The urinary chloride concentration may rise or fall, 
but does not regularly show the approach to the plasma concentration 
which is typical of the action of tubule poisons. The urine is scanty 
and usually pigmented, due to haemoglobin, myohaemoglobin or their 
derivatives. The urine contains casts and becomes more acid. 

The kidneys are notably flaccid even after brisk diuresis has been 
induced. The main conclusion drawn from histological observations 
is that the debris found in the proximal convoluted tubules is not 
confined to injured dogs or to kidneys which have shown impairment 
of function. In view of this and its apparent lack of compactness, the 
debris cannot be regarded as blocking the tubules. This is emphasized 
by the dilatation and freedom from debris of the loops of Henle, the 
distal and the collecting tubules and ducts, in kidneys from injured 
dogs. The damaged kidneys appear fairly vascular and the glomerular 
tufts are usually rather distended. 

The following hypotheses as to the mechanism of the renal damage 
would account for oliguria and the reduced creatinine excretion when 
the arterial pressure has been restored. 

1. Blocking of tubules is not, for reasons just given, suggested as 
likely by the histological observations. It is incapable of explaining 
the fall in creatinine U/P ratio at low urine flow, and it would pre- 
sumably involve a tense kidney, as does a blocked ureter, rather than 
the flaccid consistency characteristic of kidneys damaged in this series. 

2 Lowered glomerular capillarij pressure would produce effects like 
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those of adrenaline in doses sufficient to reduce urine flow. It would 
account for the flaccidity of the kidneys. It would account for the 
increase in creatinine clearance with tubular diuretics, for this 
phenomenon is observed in uninjured dogs when the arterial pressure 
is low enough to produce a large reduction in the clearance [Winton, 
1934; Shannon and Winton, 1940]. The relatively vascular appear- 
ance' of the kidneys, and the fact that the glomerular tufts are usually 
large, are against this hypothesis, and it is substantially excluded by 
the low creatinine U/P ratio obtaining when the damaged kidneys 
secrete at a low rate. 

3. Closing dovm of Glomeruli . — Variation in the proportion of active 
glomeruli plays little or no part in variation of renal function in the 
normal mammal [Winton, 1937; White, 1939], but it might be con- 
cerned in the reaction to severe injury. The observed reduction in 
creatinine clearance would indicate that two-thirds of the glomeruli 
were' rendered inactive. The consequences would, presumably, he 
comparable with those of ligature of one primary branch of the renal 
artery, and these include a relative increase in urine flow, reduction 
in the concentration of creatinine and a small increase in that of chloride 
in the urine [Pickford and Verney, 1929]. These changes are con- 
sistent with our observations on the injured dogs. Against this 
hypothesis, however, may he cited the vascularity of the kidneys with 
their large glomerular tufts and the dilated state of the loops and distal 
tubules. A serious objection to the hypothesis is the increase in 
creatinine clearance produced by tubular diuretics, for this phenomenon 
cannot be demonstrated in normal kidneys except when the creatinine 
clearance derived from the participating renal units is abnormally low, 
whereas on this view the clearance from the renal units whose activities 
survive would he unchanged, or increased. If the decrease in creatinine 
U/P ratio is to be explained on these lines, as it is following ligature of 
a branch of the renal artery, the creatinine clearance in the active 
renal units would, in fact, be increased owing to the fall in intrarenal 
pressure [Winton, 1934 a]. At normal clearance, diuretics like urea 
and presumably sulphate produce, if anything, a reduction in creatinine 
clearance in the undamaged anesthetized dog [Eggleton et al 1940 b ]. 

4. Increase in intrarenal pressxire which is usually associated with 
dilated tubules, as observed, invariably involves a tense and not a 
flaccid kidney, and a reduction in urinary chloride. This factor can 
he eliminated. 

5. Poisoning of tubule epithelium has two main consequences : first, 
the impairment of reabsorption of water, chloride, etc.; and second, 
an increase in permeability which allows the constituents of the urine 
to escape in part from the lumen of the tubule to the venous blood. 
The isolated perfumed kidney poisoned with cyanide or chloral hydrate 
becomes very tense, and the reduced creatinine clearance is accom- 
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panied by a spectacular rise in urinary chloride and a polyuria due to 
inhibition of water reabsorption which is followed, after an hour or 
two, by oliguria due to increased permeability and intrarenal pressure. 
It is possible that in the dogs with crushed limbs tenseness of the 
kidney is not manifested because the organ is innervated. If this he 
so, this hypothesis would account satisfactorily for the increased 
creatinine clearance produced by tubular diuretics, and for the changes 
in the appearance of the mitochondria in the proximal convoluted 
tubules of the injured dog with irreversible anuria. The lack of a 
regular and large rise in urinary chloride is, however, a serious objection 
to this view, and the absence of an initial polyuric phase cannot easily 
be explained in some of our experiments in which the fall of arterial 
pressure was small or soon counteracted by replenishment of body 
fluids. 

The hjqmtliesis that an abnormal substance released from the 
limbs passes into the tubules and is concentrated in them, as is urea, 
and exerts a poisonous action in virtue of this concentration is rendered 
unlikely by the fact that the severity of the renal damage is much 
the same whether anuria be allowed to develop after release of the 
limbs, or whether this be prevented by the action of diuretics. This 
hypothesis was rejected as a result of an analysis of the effects of 
retarding the urine flow by raising the ureter pressure. 

6. The possibility that the renal damage is due to exposure to low 
arterial pressure, and to the consequent anoxaemia of renal iisstie , is 
excluded by the experiments on the effects of intravenous infusion of 
histamine, in which the kidneys recovered fully as soon as the arterial 
pressure was restored. This possibility is also excluded by observa- 
tions on three dogs in which after crushing and release of limbs the 
arterial pressure did not fall below 95 mm. Hg because the blood 
volume was artificially increased; such a pressure is sufficient for 
prolonged normal functioning of the kidney, nevertheless, the char- 
acteristic renal damage ensued. 

It will be seen that no single hypothesis meets the case with entire 
satisfaction, and it seems probable that more than one of the mechanisms 
discussed are adversely affected. The renal failure due to crush 
injuries might well be due, in part, to leakage from the tubules and, 
in part, to reduced glomerular filtration. 

The question as to how closely the lesion described in the kidneys 
of anaesthetized dogs resembles that in crush injuries in man cannot 
be finally answered until recovery experiments on dogs allow the later 
consequences to be studied. It would be fair to say that the effects 
of crushing limbs in acute experiments are just those which would be 
expected to be manifest in a period of a few hours if the lesions in the 
dog and man were the same. The main features of the failure in renal 
function are clearly the same immediately after the injury in acute 
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experiments on dogs, and as soon as they have been observed in man. 
In dogs this type of failure is not associated with some of the histological 
changes [Shaw Dunn, Gillespie, and Niven, 1941; Bywaters and Dible, 
1942] which have been described in human kidneys obtained a week 
or so after the injury, and on the basis of which theories concerning 
the primary renal lesion have been developed. Structural changes 
in the- tubular epithelium may be present but not detectable by histo- 
logical methods in material from acute experiments. Alternatively, 
the characteristic histological appearances described in the human 
kidneys may be regarded as secondary changes and not simply related 
to a primary lesion. 

If it be supposed that the renal damage is comparable in our experi- 
ments on dogs with that in human casualties, one can say that our 
observations support the recommendation that diuretics should be 
given freely because this leads to increased output of urea and other 
substances. Though diuretics do not by themselves lessen the degree 
of damage to the kidney, they may prevent death of the patient long 
enough to enable healing and compensatory processes to become 
effective. Our experiments were not capable of discriminating clearly 
between the ^efficacies of the various diuretic agents employed, and 
bicarbonate could not be distinguished in its action from that of other 
diuretics. 


Summary* 

1. A method of crushing the hind limbs and rendering them ischaemic 
for 4-5 hours is described which results in impairment of renal function 
in the anaesthetized dog, and supervenes almost immediately after 
readmission of circulation to the limbs. 

2. The renal damage is characterized by a profound reduction in 
urine'' flow and in creatinine clearance maintained even when the 
arterial pressure is restored by intravenous administration of fluids, 
by a reduction in urine/plasma creatinine concentration ratio, even 
when the urine flow is unchanged or reduced, and by pigmentation of 
the urine. The chloride content of the urine is not systematically 
affected in these experiments. 

3. P.M. the damaged kidney is flaccid. Microscopic appearance 
of non-cellular debris in the proximal convoluted tubule is shown not 
to he specifically associated with the deterioration in function of the 
kidney. The loops of Henle and more distal portions of the nephron 
are dilated and free of debris. 

4. A number of diuretics were shown to be capable of increasing 
the urine flow from the damaged kidneys, and concurrently to raise 
the creatinine clearance, but only to about one-half its normal value. 

5. The period of anuria ensuing on readmission of the circulation 
to the limbs is not an essential antecedent of the renal damage. Lower- 
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ing the urine flow from damaged kidneys by partial obstruction of the 
ureter does not enhance the damage. 

6. The renal damage does not ensue after a considerable period of 
low arterial pressure maintained by intravenous infusion of histamine 
into dogs with uninjured limbs. 

7. The characteristics of the renal damage, due to limb injury, are 
discussed in relation to the known renal mechanisms likely to be 
affected, and it is concluded that the disturbance of no single mechanism 
could account for all the observed phenomena. 

8. During ischmmia of the limbs the arterial pressure slowly rises 
and the urine flow is apt to fall off. The urinary chloride content falls 
and the creatinine clearance often also falls somewhat. These changes 
may be attributed to increase in sympathetic tone. 
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A dumber* of physiological phenomena and actions of drugs on cells 
have been shown to depend on the physical or chemical properties of 
the substances involved in the process* The surface tension of 
solutions, for example, has often been found to be correlated until the 
physiological or pharmacological activity of these liquids. Some of 
the relationships are known as Richardson’s [Richardson, 1S69] and 
Traube’s rules [Traube, 1891 and 1904; see also Clark, 1933]. The 
present paper deals with a newly described physical characteristic of 
certain liquids and with two of its possible physiological applications. 

Measurements have recently been carried out of the stability of 
foam of various liquids. Foam time ( T f ) is an expression of the 
stability of foam under standard conditions. This was determined for 
a number of alcohols at different ^concentrations (c), and T f and c 
uere plotted against each other. Foam -time /concentration ( T f jc ) 
curves thus obtained offered a number of characteristic features [Schutz, 
which only one is dealt with in the present paper, 
hen foam-time/concentration curves were drawn for a number of 
a ip a tic alcohols in water, it was found that foam time increased with 
increasing concentration, but only until a certain concentration was 
reac le , when any further addition of alcohol did not further increase 
e oam time, but decreased it until, eventually, it became zero again 
a a higher concentration. The T f jc curves of normal alcohols and of 
many isomers thus showed a peak (or maximum) of T f , which, since it 
proved to be a critical point, was called “critical foam time,” and the 
concentration in the bulk of the liquid at which it occurred was called 
e critical ^-concentration.” These critical ^-concentrations were 
oun to e characteristic for each alcohol and were always found at a 
lower concentration than 100 per cent. 

The critical T f seems to be the only known physical or chemical 
constant sliowing a maximum value at concentrations of alcohols 
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ing the urine flow from damaged kidneys by partial obstruction of the 
ureter does not enhance the damage. 

6. The renal damage does not ensue after a considerable period of 
low arterial pressure maintained by intravenous infusion of histamine 
into dogs with uninjured limbs. 

7. The characteristics of the renal damage, due to limb injury, are 
discussed in relation to the known renal mechanisms likely to be 
affected, and it is concluded that the disturbance of no single mechanism 
could account for all the observed phenomena. 

8. During ischaemia of the limbs the arterial pressure slowly rises 
and the urine flow is apt to fall off. The urinary chloride content falls 
and the creatinine clearance often also falls somewhat. These changes 
may be attributed to increase in sympathetic tone. 


REFERENCES. 

Beall, D., Bywaters, E. G. L., Belsey, R. H. R., and Miles, J. A. R. (1941). 
Brit. Tried. J. i, 432. 

Bywaters, E. G. L., and Beall, D. (1941). Ibid, i, 427. 

Bywaters, E. G. L., and Dible, J. H. (1942). J. Path. Bad. 54, 111. 
Eggleton, M. Grace, Pappenheimer, J. R., and Winton, F. R. (1940 a). 
J. Physiol. 97, 363. 

Eggleton, M. Grace, Pappenheimer, J. R., and Winton, F. R. (1940 b). 
Ibid. 98, 336. 

Gough, J. (1931). J. Path. Bad. 34, 423. 

Mayon-White, R., and Solandt, O. M. (1941). Brit. med. J . i, 434. 

Min am, S. (1923). Arch. Path. Anat. 245, 247. 

Pickeord, M., and Verne y, E. B. (1929). Amer. J. Physiol. 90, 470. 
Shannon, J. A., and Winton, F. R. (1940). J. Physiol. 98, 97. 

Shaw Dunn, J., Gillespie, M., and Niven, J. S. F. (1941). Lancet , ii, 549. 
White, H. L. (1939). Amer. J. Physiol. 128, 159. 

Winton, F. R. (1934 a). J. Physiol. 82, 27 P. 

Winton, F. R. (1934 b). Ibid. 83, 38 P. 

Winton, F. R. (1937). Physiol. Rev. 17, 408. 

Winton, F. R. (1939). J. Physiol. 95, 60 P. 



Physiological Applications of Measurements of Foam Time 109 

Considering that the data were obtained from biological experi- 
ments, they seem to agree well with the critical T f concentrations. 
The surface-tension/concentration curves do not show a maximum at 
any concentration. Since the critical T f seems to be the only physical 
or chemical constant showing a maximum value at concentrations of 
the ^alcohols between 0 and 100 per cent., the data shown in Table I 
suggest that an underlying principle, which is responsible for the 
greater biological activity of relatively lower concentrations of alcohol, 
is connected with foam time. 

Since some recently described experiments [Schiitz, 1942 6] on the 
critical T/s showed a certain parallelism to the phenomena occurring 
during the inversion of emulsions, experiments were carried out to find 
some other known action of the alcohols which' showed a maximum 
at or near their critical T f concentrations. In particular, observations 
were made on emulsification and on the limit interface of globules of 
lecithin when they are placed in different concentrations of alcohol. 
Small globules of equal size and weight of technical egg lecithin 
(BJXH.) were made and placed in equal quantities of ethyl alcohol 
of different concentrations. After leaving them standing for eighteen 
hours at room temperature, one can observe that the swelling effect is 
greater where less alcohol is present in the solutions, but the higher 
the alcohol concentration becomes, the more of the lecithin is dissolved 
(colour of the supernatant liquid). In 100 per cent, alcohol, only a 
small part of the globule is dissolved, and it is a little diminished in 
size and not changed in shape. The limit interface, however, between 
the lecithin globule and the liquid often shows a very distinct picture. 
This interface is a sharp line at low concentrations as well as at high 
concentrations of alcohol. In between, however, , one can see the 
formation of a halo around the globules which shows what might be 
called a spontaneous emulsification. The size of this halo increases 
from both ends of the series towards the concentration of 55 per cent. 
At this concentration the halo shows a maximum thickness (1-2 mm.) 
when the globule has a diameter of about 3 mm. It should be noted 
that in the solutions containing more water and less alcohol, the limit 
interface was, notwithstanding the greater swelling of the globule, 
quite sharp, as it was also in the solutions of higher alcohol content. 

When all the tubes in this experiment were* shaken, the foam 
produced around 55 per cent, was extremely stable and did not break 
for many hours, whilst at 80 or 20 per cent, practically no stable foam 
could be produced. If a series of such solutions was shaken and the 
closed tubes left standing for 18 hours in a water-bath at room 
temperature, the foam layer above the liquid was a few centimetres 
high in the tubes containing 50 per cent, alcohol; at 40 and 60 per cent, 
the foam layer was much lower (1-2 cm. ca.), while the tubes with 
20, 30, and 70 per cent, alcohol showed only a few bubbles; those 
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between 0 and 100 per cent* It should be noted that the values of 
surface tension of alcohol in water fall continuously with increasing 
concentration of alcohol* and do not show any maximum or minimum 
between 0 and 100 per cent. The critical T s appears, therefore, to be 
a critical point which is not detectable yet by any other physical or 
chemical means than bj T measurements of foam time. 

1. Maximum Foam Time and Maximum Biological Activity. 

It is known that absolute ethj T l alcohol exerts at 100 per cent, 
concentration much less germicidal power than at lower concentrations 
[Epstein, 1897; quoted after Topiey and Wilson, 1936]. The optimal 
concentration was stated to be at 50-60 per cent. This fact has been 
amply studied, confirmed, and also extended for other alcohols (propyl 
and butyl alcohol) and other organisms by numerous authors [Barsikow, 
1901; Hanel, 1900; Hansen, 1907; Igersheimer, 1906; Minervini, 
1898; Salzwedel and Eisner, 1900; Weil, 1901; Wirgin, 1903; etc.]. 
Since this phenomenon is of interest in connection with the problem 
of the action of drugs on cells, and is not covered by Traube’s rule, a 
number of attempted explanations have been put forward. These 
explanations (permeability of the cell membrane, diffusion, etc.) 
appear unsatisfactory, because no physical or chemical characteristic 
of the alcohols, or mixtures of those with cells or cell materials, could 
be found which had a maximum or minimum value at a lower con- 
centration than 100 per cent. 

This difficulty does not arise in connection with foam time. The 
critical T f of ethyl alcohol was found to be at 50 per cent. The 
strongest germicidal power, as well as toxic potency in certain cases, 
was found by different authors,^ working with various germs and 
animals,' to be within the range 45-60 per cent. The critical T f of 
propyl alcohol was* found to be at 14-6 per cent., while biologically it 
was found that this alcohol had a much higher potency at a concentra- 
tion around 30 per cent, than at 100 per cent. 

Billard and Dieulafd [1904] found equal maximal toxicities for 
three alcohols on young fishes at the concentrations stated in Table I, 
where also the recently found critical T f concentrations are quoted. 


Table I. 


Alcohol. 

Equal toxicity at 

Crit. T f cone. 

(per cent.) 

(per cent.). 

Ethyl 

45 

50 

Propyl 

18 

14-66 

n-Butyl 

9 

4-8 
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dTfjdc was negative after water had been added to the 100 c.c. mark 
(Le. c > critical' T s concentration). Both these conjugate foaming 
solutions contained, therefore, an equal amount of dye. When 
vigorously shaken, the foam in A was pink, and whilst the higher 
layers of it were 'breaking and so transferring the concentrate to the 
lower remaining foam layers, the latter became increasingly red. In 
B, however, the foam was white, or slightly greenish grey. Even the 
liquid itself was pink-red in A , and slightly greenish in B . The differ- 
ence in colour is best seen with fresh solutions. 

It would be, of course, erroneous to assume that in B there was no 
alcohol in the foam because the latter was not red. This would be 
neglecting the fact that the dyestuff is also adsorbed, and apparently 
acting in this case not unlike an adsorption indicator [Fajans, 1935; 
Koltlioff and Menzel, 1928]. This appears probable, because the colour 
change is only observed after the solution has been shaken. 

It should be noted that the solution which contained more of the 
substance which, in the conception of histologists, is “ stained/’ did not 
stain when it exceeded the critical T f concentration. 

If a certain tissue does not stain with a certain dyestuff, the 
substance, in which the dyestuff is known to be soluble, is claimed to 
be absent from the tissue. The above-mentioned experiment shows 
that this conclusion may well be erroneous, and suggests that absence 
of staining may also have its reason in a changed ratio of the substances 
involved, in which the dyestuff is soluble and insoluble respectively. 
In the above case, these two substances were alcohol and water. 

The described experiment suggests that staining may not only 
depend on the presence of the substance in which the dyestuff is 
soluble, but also on the presence of a substance in which it is less or 
not soluble, and on the ratio between these two substances. 

✓ 

Summary. 

The foam stability, when measured under standard conditions, of 
solutions of alcohol in water was found to increase with increasing 
concentrations of alcohol, but only up to a certain concentration, when 
any further addition of alcohol decreased the foam stability. This 
particular concentration where foam stability was maximal (critical 
foam-time concentration) was found to be a characteristic for many 
liquids. The concentrations of alcohols in water which are known to 
have the highest biological activity (germicidal, toxic) are very similar 
to these critical foam-time concentrations. Other experiments also 
suggest that the germicidal or toxic action of alcohols on suspended 
cells is connected with the same principles which cause the mixtures to 
produce a more stable foam at the concentrations which are also 
biologically most potent. 
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with 10, SO, 90, and 100 per cent, alcohol were completely free from 
bubbles. 

Another 'observation was made after the shaking. The lecithin 
solid was emulsified or dissolved readily in the tubes containing the 
lower concentrations of alcohol, but from 60 per cent, onwards only 
more vigorous shaking could make all the visible particles disappear 
(at 60-80 per cent.); but even very vigorous shaking did not emulsify 
t>r dissolve the solid completely in the tubes containing S5-100 per cent, 
of alcohol within a few hours. In these tubes an increasing number 
of relatively large lumps were seen swimming around and settled down 
later at the bottom of the tubes. 

If a dense emulsion of lecithin in water is added in equal quantities 
to a series of different concentrations of alcohol, one can see that after 
gentle shaking the supernatant liquid is far more dense with particles 
of all sizes at 50-60 per cent, than at lower or higher concentrations. 
At 30 and SO per cent, the supernatant liquid is much clearer; at 20 
and 90 per cent, it is almost quite clear. Corresponding results on 
each side of the critical foam -time concentrations were obtained also 
with propyl and butyl alcohol. 

These experiments suggest that the germicidal power of alcohols, 
or their toxic action on suspended cells, is connected with the same 
principles which cause the mixtures to produce a more stable foam at 
the concentrations which are also biological^ the most potent. 


2. The Significance of Staining with Sudan IV. 

In the course of experiments designed to explain the critical T f 
[Schiitz, 1942 5] it was found that, on both sides of the critical T f , 
solutions could be produced which both had the same T f . A pair of 
such solutions was called conjugate foaming solutions. Two such solu- 
tions differ in the concentration of alcohol in water, but have equal 
Tf s. One such solution is found on any point of the rising part of the 
Tfjc curve ( i.e . 'where both T 1 and c are increasing) and its conjugate 
on the falling part of the Tjjc curve (i.e. T f is decreasing, but c is 
increasing); in other words, dT^/dc is positive for the former, and 
negative for the latter conjugate foaming solution. 

Sudan IV dissolves in amyl alcohol to give a deep red solution. 
In water this dyestuff is practically insoluble, and when shaken with 
water it gives a slight greenish turbidity, the large undissolved particles 
appearing black. Equal quantities of a saturated and filtered amyl 
alcoholic solution of the dyestuff were placed in two cylinders (A and B). 
The amount of alcohol was such as to give a foaming solution where 
dT Idc was positive when filled up with water to 100 c.c. (i.e. c (the con- 
centration of the alcohol) < critical T f concentration). To cylinder B, 
pure amyl alcohol mas added -to the stained quantity of alcohol, so that 
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ON THE SHAPE, SIZE, AND FRAGILITY OF ERYTHRO- 
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(Received for publication 24 th February 1943.) 

The present paper deals with some experiments concerning the rela- 
tionship between the morphology of red blood cells and their fragility 
in hypotonic saline. Following the observations of Haden [1934], 
Castle and Daland [1937], Dameshek and Schwartz [1940] and others, 
it is often stated without qualification that the more nearly spherical 
the red cell, the greater the fragility. From this point of view it was 
of interest to examine the alterations of the red cells produced on th$ 
one hand by the powerful lysin, lysolecithin (prepared by the action of 
' snake venoms on lecithin and probably normally formed in the spleen), 
and on the other hand by the incubation of unmoving blood samples 
under conditions resembling those which obtain in the spleen [Bergenhem 
and Fahraeus, 1936; Fahraeus, 1939; Knisely, 1936], 

Experimental. 

The lysolecithin used in these experiments was prepared by the 
action of cobra venom on lecithin. After solution of the dry preparation 
m absolute alcohol it was precipitated by excess ether in the cold, 
repeated three times. Finally a 2 per cent, stock solution in absolute 
alcohol was made up. The lysolecithin was freely water-soluble. For 
use, a certain amount of the stock solution was evaporated to dryness 
with gentle warmth and the residue dissolved in the required amount 
of plasma or saline. 

The fragility of the red cells was determined by a method essentially 
the same as that of Creed [1938], Quantitative fragility curves were 
obtained, but are omitted from this paper owing to shortage of space. 

Lysolecithin and the Fragility of Red Celte. 

The first experiments were concerned with the influence of sub- 
hsemolytic amounts of lysolecithin on the behaviour of ^ washed red 
cells in hypotonic saline. 
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An experiment with Sudan IV in alcoholic solutions shows that at 
the critical foam-time concentration, the staining property of Sudan IV 
is undergoing a change, and suggests that staining may not only depend 
on the presence of the substance in which the dyestufi is soluble, hut 
also on the presence of a substance in which it is less soluble, or 
insoluble, and on the ratio between these two substances. 

I am greatly indebted to Professor J. H. Gaddum and Professor 
P. C. Cloake for valuable advice and interest in this work. 
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taking care to avoid false conclusions from appearances near the 
coverslip edge. 

The results show that the change of red cells to a spherical form 
induced by lysolecithin is not accompanied by any change in cell 
volume or fragility. Stronger concen tr&tions of lysolecithin than were 
used in this experiment do cause a considerable increase in fragility, but 


Table II. — The Influence or Lysolecithin on the Morphology, Volume, 
and Fragility of Erythrocytes in Whole Human Blood. 


Lysolecithin 

concentration. 

Appearance of 
erythrocytes. 

C. volume 
(hromatocrit). 

Fragility range 
(per cent. NaCl). 

Nil 

Normal; biconcave discs 
and rouleaux. 

30 ml. per cent. 

0*42-0'28 

1 : 4000 

Cells spherical, with 
prickly surfaces. 

30 ,, ff 

0'42~0*28 

• 1:3000 . 

Cells spherical, prickles 
less marked. 

30 „ 

0*42-0*28 

1 : 2250 

Cells spherical, prickles 
still less marked. 

30 ,, m 

i 

0*42-0*28 


this is obviously not due to the spherical form of the cells; it may be 
due to damage of the cell membrane, perhaps limiting its capacity to 
be deformed when the cell is placed in hypotonic solutions. These 
findings correspond with those of Ponder [1937 6] on red cells made 
spherical by the action of impure lecithin. 

Bergenhem and Fahraeus [1936] showed that the change of red 
cells to a spherical shape, which occurs in incubated blood, is due in 
part to a primary change in the cells and in part to a secondary change 
caused by the lysolecithin which is formed in the plasma. (By applying 
the term spherocytes to cells made spherical in this way, these authors 
cause some confusion. This point will be dealt with later.) In order 
to compare the effects of the primary and secondary changes on the 
fragility and cell volume, the following experiment was performed. 

Fresh oxalated human Wood was centrifuged, the plasma removed, 
and the cells washed twice with saline so as to give finally a concentrated 
washed cell suspension. Mixtures of 3*5 ml. concentrated cells and 
4 0 ml. plasma were made up, the plasma having been treated in various 
ways as follows : — 

A. Cells 4- normal plasma mixed/and kept overnight in refrigerator. 

B. Cells + normal plasma mixed and kept overnight at 37° C. without 

movement. 

C. Cells + plasma previously heated to 52° C. for 20 minutes (slight 

flocculation cleared by centrifuging); mixed and kept over- 
night at 37° C., without movement. 
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0*1 ml. of lysolecithin solutions of different strengths in normal 
saline were added to 0*9 ml. of eacli JViiCl solution in several identical 
fragility test series. One drop (0*04 ml.) of a washed human red cell 
suspension (in which the cell concentration was the same as in the original 
blood) was added to each tube. This experiment was repeated several 
times with similar results. The results of a typical experiment are 
shown in Table I. 


Table I. — The Influence of Lysolecithin on the Fragility of 
Washed Hidian Fed Cells. 


Concentration of 
lysolecithin. 

Hremolysis due to 
lysolecithin. 

Fragility range 
(per cent NaCl)- 

Nil (control) 

1 ; 75,000 

1 : 50,000 

Nil 

Nil 

00 per cent. 

0-45-0-34 

0-41-0-31 


It will be seen that lysolecithin in barely subhaemolytic amounts 
does not increase the fragility of the red cells in hypotonic saline hut 
if anything diminishes it. The same effect could be shown with sheep 
and rabbit cells. It was also found that a hypotonic medium diminishes 
the haemolytic action of lysolecithin to a certain degree. In producing 
these results lysolecithin resembles other chemical lysins (sodium 
taurocholate, phenyl carbamate, brilliant green, etc.) examined by 
Ponder [1937 a]. Similarly, doses of saponin and haemolytic serum, 
large enough to produce some haemolysis, do not cause increased 
fragility of red cells [Ham and Castle, 1940J. 

\ 

Morphology , Volume , and Fragility of Red Cells. 

The next experiments dealt with the changes in the morphology, 
volume, and fragility of red cells caused by adding lysolecithin to normal 
whole blood. 

Part of a fresh human blood sample (heparinised) was centrifuged. 
Different amounts of lysolecithin were dissolved in equal volumes of 
the plasma and one volume of each lysolecithin solution in plasma was 
mixed with two volumes of the original whole blood. On the same day 
the morphology, corpuscular volume , and fragility of the cells in each 
of the mixtures was determined. A typical experiment is tabulated 
in Table II. 

The corpuscular volumes were determined by Wintrobe’s hasmatocrit 
[1929-30], several hours centrifuging being needed to pack spherical 
cells to a constant volume. There was no haemolysis. The cell mor- 
phology was determined microscopically between slide and coverslip, 
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form. That this is not the case (at least when lysolecithin is used) is 
shown by the following experiment. 

Five minutes after the intravenous injection of lysolecithin in saline 
into a rabbit (0*055 g. per kilo) the red cells were all spherical in shape. 
At the same time the fragility range had increased from 0*40-0*32 per 
cent. NaCl to 0*60-0*46 per cent. NaCl. On the following day, however, 
while the fragility was still raised to nearly the same level, the cells were 
again biconcave discs arranged in rouleaux. The fragility gradually 
diminished, but had not returned to its original value after several days, 
notwithstanding the normal appearance of the cells. Although it may 
be that on the days following the injection the (jell thickness was 
increased to a degree not obvious on microscopic examination, yet it is 
evident that the increased fragility could not he attributed to the 
spherical form of the cells. 


T/ie Inhibitory Effect of Plasma on Lysolecithin. 

As regards the action of lysolecithin on red cells in vivo , it must be 
remembered that the components of plasma have a marked inhibitory 
action on the haemolysis caused by lysolecithin. Thus in a comparative 
experiment a minimum concentration of 1 : 300 lysolecithin in fresh 
oxalated blood was required for complete haemolysis, while a washed 
cell suspension of the same strength was hsemolysed by a concentration 
of 1 : 1200. The plasma inhibition depends partly on the alcohol- 
soluble components (cholesterol, etc,), but mainly on the proteins. An 
alcoholic extract of serum was six times weaker •with regard to inhibition 
than the original serum. It may be of interest to note that the in- 
hibiting action of normal serum was only slightly diminished by heating 
to 100° C. (diluted with distilled water and subsequently made isotonic 
by addition of NaCl), while that of lipoid-free serum [Hewitt, 1927} 
was much diminished by heating. 

The inhibiting action of plasma and the high cell concentration 
explain the fact that relatively large amounts of lysolecithin must be 
added to whole blood to render the cells spherical. Still larger amounts 
are required to cause increase of fragility. When sufficient lysolecithin 

produce spherical cells was added to blood it was possible to extract 
from the plasma an amount of lysolecithin in excess of that which may 
be found in normal plasma; however, it was never extracted in any- 
thing like the full amount added. In these experiments extraction 
with hot alcohol was apparently superior to cold, while it did not 
seem to be important to evaporate the extracts in vacuo at low 
temperatures. Evaporation at 50° C, under atmospheric pressure proved 
satisfactory. 
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D. Cells kept overnight in refrigerator, plasma cat 37° C.; mixed next 
* day. 

E. Cells and plasma kept separately in refrigerator overnight ; mixed 

next day. 

The effects on morphology, mean cell volume, and fragility are shown 
in Table III. 


Table in. — The Influence of Incubation of Human Blood on the 
Morphology, Volume, and Fragility of the Red Cells. 


Blood 

mixture. 

Morphology of red cells. 

Mean cell vol. 
(cu. microns). 

Fragility range 
(per cent. NaCl). 

A 

Normal; biconcave discs and 
rouleaux. 

72 

0*46-0*28 

B 

Spherical, with rather faint 
surface prickling. 

83 

0*54-0*32 

C 

Nearly all spherical; a few 
i thick discs; prickling as 
in B. 

! 81 

I 

0*52-0*32 

D 

As in C, but prickling more 
marked. 

72 

0*46-0*28 

E 

As in A. 

73 

0*46-0*28 


It will be seen that the change of the cells to a spherical form 
produced by incubation of the blood is accompanied by increased cell 
volume and increased fragility, whether tysolecithin is formed or not. 
(Heating plasma as in C prevents lysolecithin formation.) When, 
however, spherical forms are produced by lysolecithin alone (D), there 
is no alteration of cell volume or fragility. In further experiments it 
was found that incubation of washed cells alone also caused a corre- 
sponding increase of fragility; control experiments showed that incuba- 
tion of plasma alone (as in D) is accompanied by the formation of 
lysolecithin which could be extracted by the method of Bergenhem and 
Fahraeus [1936]. The demonstration that increase of fragility and cell 
volume produced by incubation are dependent on primary cell altera- 
tions rather than on lysolecithin formation corresponds with some 
observations reported recently by Ham and Castle [1940] in a paper 
which became available only after these experiments were finished. 

Effect of Injection of Lysolecithin in the Rabbit . 

Bergenhem and Fahraeus [1936] have recorded that intravenous 
injection of lysolecithin into a rabbit causes “spherocytosis” and in- 
creased fragility. Dameshek, Schwartz, and Gross [1938] obtained 
similar results in guinea-pigs by injecting lytic sera. In this work the 
increased 'fragility of the cells was thought to be related to their spherical 
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[Lloyd, 1940; Singer, 1941]. The experiments reported in the present 
paper constitute further evidence that lysolecithin is not the cause of 
the spherocytosis and increased fragility of congenital haemolytic 
anaemia. 

Dameshek and Schwartz [1940] have recently concluded that all 
haemolytic anaemias are probably due to circulating liremolysins. While 
this may be true in some cases, the deductions from their experiments 
are open to criticism. Having shown that injection of lytic sera into 
guinea-pigs caused “ spherocytosis’ * and increased red cell fragility, 
they conclude that the increased fragility results from the “sphero- 
cytosis” [Dameshek, Schwartz, and Gross, 1938]. However, these 
. authors make no distinction between the fragile spherocytes of congenital 
haemolytic anaemia and the spherical, non-fragile erythrocytes produced 
by the action of a variety of koemolysins, including, probably, lytic 
serum, which as Ham and Castle [1940] point out is without effect on 
red cell volume or fragility in vitro , even in concentrations which cause 
haemolysis. 

> Summary. 

1. Lysolecithin added in suitable doses to blood does not increase 
the red cell fragility in hypotonic saline, although the cells become 
spherical. The fragility of washed cells is slightly diminished by lyso- 
lecithin. The spherical cells produced by lysolecithin are essentially 
different from the spherocytes of congenital haemolytic anaemia. 

2. After intravenous injection of lysolecithin into a rabbit, the 
fragility of the red cells remains raised for a much longer period than 
the spherical shape of the cells can be observed. 

3. The effects of incubation of whole blood, and of plasma alone, on 
the morphology, volume, and fragility of the erythrocytes are contrasted. 

4. The importance of the inhibiting action of plasma constituents 
°n lysolecithin haemolysis is stressed. 

5. The bearing of these experiments on some of the problems of 
haemolytic anaemia is discussed. 
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Discussion 

Castle and Daland [1937] showed that differences between the 
hypotonic fragilities of the red cells of different mammals can be 
explained by .differences in the dimensions of the cells. The more 
nearly spherical the cell, the less the volume' of water which it can 
absorb from hypotonic . solutions without stretching of its surface 
membrane and consequent hsemolysis. In several of the hemolytic 
. anaemias the circulating erythrocytes show an abnormal thickness, thus 
approaching a spherical form. The term spherocytosis has been applied 
to this phenomenon, and for the present should be restricted to it. It 
is probable that the increased hypotonic fragility of the spherocytes of 
hremolytic anaemia is at any rate partly the result of their abnormal 
morphology, [Haden, 1934; Castle and Daland, 1937]. The spherocyte 
of haemolytic anremia is not truly spherical, but is a thickened discoid 
cell which must be ^ distinguished from the perfectly spherical cells 
produced by the action of various lysins on normal erythrocytes. 
Examples of such lysins are impure lecithin and certain dyes [Ponder, 
1937 b]; to these may he added lysolecithin . The spherical cells 
produced by lysolecithin and some other lysins have an unaltered 
resistance to hypotonic saline, probably because the cell volume is , 
unchanged, so that the amount of swelling which the cell can undergo 
in hypotonic saline without stretching its surface membrane is \ un- 
diminished [Ponder, 1937 ft]. 

When blood is incubated at 37° C. without movement, the cells 
become spherical. In this case the fragility of the cells is increased, 
probably because of the coincidental increase in cell volume. This 
increase of volume is caused by the primary alterations of the cells; 
the secondary changes due to the lysolecithin formed in the plasma do 
not affect the cell volume or fragility. Ham and Castle [1940] suggest 
that the primary cell alterations are due to metabolic changes causing 
an increased concentration of osmofcically active substances in the cells. 
jBergenhem and Fahraeus [1936] suggested that similar primary and 
secondary changes may take place in blood stagnating in the splenic 
sinusoids. Singer [1941] has shown that lysolecithin is formed in the 
dog J s spleen. These phenomena may. explain the destruction by the 
spleen of pathological red cells, and even of normal erythrocytes. The 
primary cell changes are probably more important than the lysolecithin 
mechanism, Stephens [1939], however, does not believe that normal 
red cells are destroj^ed in significant numbers by the spleen. 

The view was adavnced by Bergenhem and Fahraeus [1936J and 
Fahraeus [1939] that congenital hremolytic anaemia is due to a patho- 
logical exaggeration of the action of the spleen-on red cells stagnating 
in the pulp. These authors paid particular attention to the tysoJecithin 
mechanism. Many objections to this theory have been put forward 
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[Lloyd, 1940; Singer, 1941]. The experiments reported in the present 
paper constitute further evidence that lysolecithin is not the cause of 
the spherocytosis and increased fragility of congenital haemolytic 
anaemia. 

Dameshek and Schwartz [1940] have recently concluded that all 
haemolytic anaemias are probably due to circulating hcemolysins. While 
this may be true in some cases, the deductions from their experiments 
are open to criticism. Having shown that injection of lytic sera into 
guinea-pigs caused “spherocytosis” and increased red cell fragility, 
they conclude that the increased fragility results from the “sphero- 
cytosis” [Dameshek, Schwartz, and Gross, 1938]. However, these 
. authors make no distinction between the fragile spherocytes of congenital 
hemolytic anemia and the spherical, non-fragile erythrocytes produced 
by the action of a variety of hemolysins, including, probably, lytic 
serum, which as Ham and Castle [1940] point out is without effect on 
red cell volume or fragility in vitro , even in concentrations which cause 
hemolysis. 

- Summary. 

1. Lysolecithin added in suitable doses to blood does not increase 
the red cell fragility in hypotonic saline, although the cells become 
spherical. The fragility of washed cells is slightly diminished by lyso- 
lecithin. The spherical cells produced by lysolecithin are essentially 
different from the spherocytes of congenital haemolytic anaemia. 

2. After intravenous injection of lysolecithin into a rabbit, the 
fragility of the red cells remains raised for a much longer period than 
the spherical shape of the cells can be observed. 

3. The effects of incubation of whole blood, and of plasma alone, on 
the morphology, volume, and fragility of the erythrocytes are contrasted. 

L The importance of the inhibiting action of plasma constituents 
on lysolecithin hsemolysis is stressed. 

o. The bearing of these experiments on some of the problems of 
haemolytic anaemia is discussed. 
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I. Introductory. 

Extracts of the pituitary from all classes of vertebrates exhibit 
melanophore excitant properties. The specific melanophore excitant 
(B-kormone) is elaborated in the intermediate lobe of species that have 
a distinct pars intermedia and in the anterior lobe of forms without an 
anatomically distinct intermediate lobe. Work on the role of B-kormone 
in the chromatic physiology of lower vertebrates has been reviewed by 
Waring [1942]. 

Landgrebe and Waring [1941] described a new method for preparing 
a potent u * B” -containing extract and compared its properties with those 
of other u B”-containing extracts. 

The first part of the present paper describes (i) the preparation of 
a B ’’-containing extracts of still higher purity by a modification of 
the method used by Landgrebe and Waring [1941], (ii) further observa- 
tions on the effect of caustic soda on “B ’’-containing extracts, (iii) 
results of comparing our products with Stehle’s extract. Part II 
reports further work on the pharmacological effect of C£ B ’’-containing 
extracts and on the fate of the hormone in the animal body. 

Part I. 

(i) Preparation of “ B” -containing Extracts. 

We have concentrated our attention on two products obtained in 
attempts to improve the “B ’’-containing extract previously described. 
The first is valuable because it is the purest “B” extract so far described 
and because of its high yield. It also furnished data for a further 
analysis of the effect of caustic soda on posterior lobe extracts. The 
second product is useful because the same crude extract can be utilised 
for preparing extracts rich in oxytocic and pressor properties. Both 

1 Formerly Organon Research Fellow, now Beit 

5 Carnegie Teaching Fellow. ^-35***^ 
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methods are rapid, inexpensive, and have been successfully repeated 
by independent workers in about 3 hours working to the following 
instructions : — 6 

Extract (»).— (a) Mix 5 g. commercial 1 posterior lobe pituitary powder with 
50 c.c. of 0-2o per cent, acetic acid in a 150 c.c. Pyrex beaker. Bring the 
mixture to the boil with stirring over a small Bunsen flame and keep very 
gently boiling for 5 minutes. Filter hot on a Buchner funnel (Whatman No. 1 
paper). Wash powder with further 20 c.c. 0-25 per cent, hot acetic acid and 
filter. Combine the filtrates. 

(b) Add 8 c.c. N.NaOH to filtrate thus obtained in a 150 c.c. Pyrex beakei\ 
Bring to the boil with stirring over a small Bunsen flame and keep vdr} r gently 
boiling for 10 minutes. Filter hot on a Buchner funnel (Whatman No. 5 paper). 
Neutralise filtrate (litmus paper) by adding N.HC1 (about 4 c.c.). Cool. 

(c) Heat to redness in a closed crucible 1 g .powdered animal charcoal; and 
after 10 minutes heating allow to cool. Add the charcoal to the extract with 
stirring and leave to stand for 1 hour at room temperature. Filter on a Bucliner 
funnel (Whatman No. 2 paper) till the filtrate is free from charcoal. Wash 
charcoal with 5 c.c. distilled water and then twice with 10 c.c. acetone. Extract 
dry charcoal with 20 c.c. glacial acetic acid by shaking in a stoppered bottle 
for 15 minutes. Filter with suction (No. 2 paper). Add 60 c.c. ether to 
filtrate and stand for 15 minutes . Filter (small No. 5 paper). Dry the 
precipitate on the paper with a few c.c. of ether. Precipitate weighs 16-18 mg., 
and 1 mg. contains 

55.000 L.W. 2 units “B ” 

Less than 1 I.XJ. Pressor. 

,, „ 1 I.XJ. Oxytocin. 

On a weight basis this “B ^-containing extract is 330 times as 
active as the original powdered gland from which it was derived. 

Extract (ii). — If stage (5) above is omitted, and acetone is used instead 
of ether in stage (c) as a precipitant, a powder is obtained weighing 20 mg. 
containing per mg. : 

10.000 L.W. units “B” 

Less than 5 I.U. Pressor. 

„ „ 2 I.XJ. Oxytocin. 

These two extracts are subsequently referred to as L.B.W.j and 
L.R.W .2 for the following reasons. There have been many claims for 
other pharmacological actions of “melanophore expanding hormone }J 
[see Landgrebe and Waring, 1941], but most of these are invalidated 
because authors have not specified both the meknophore expanding 
potency and the exact method of preparation of their extracts. This 
should he done for all glandular extracts containing protein. Steroid 
sex hormones are available as pure chemicals. So when they are 
injected a simple solution of one chemical substance is involved. 

1 Prepared by Oxo Ltd. , 

a Lancterebe and Waring [1941]. Pressor and oxytocic activities were assayed 
on pithed cats and isolated guinea-pig uterus respectively. 
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Injection of a solution of, c'.flf., oostrone has more than one effect. If a 
solution of (Estrone is standardised on the basis of its uterus-enlarging 
capacity, we know the degree of its other effects such as those on the 
vagina and pituitary. It is quite otherwise with pituitary extracts. 
No pituitary excitant has ever been obtained in a pure form. We are 
always dealing with a solution containing various complex polypeptides. 
So the standardisation of a pituitary extract in terms of one of its 
activities affords no necessary elue to its other pharmacological pro- 
perties. For example, some “ B "-containing extracts inhibit insulin hypo- 
glycemia. Other extracts -with the same melanophore exciting potency 
have not this anti-insulin property. Until chemically pure melano- 
phore excitant is isolated we must think in terms of the pharmacological 
activity of extracts labelled to show both the melanophore exciting 
activity and the method by which the extract was made. The only 
convenient way to do this is to assign index letters to each extract 
used and to describe its preparation in detail in the original publication. 


(ii) The Effect of Caustic Soda Treatment on “ B” -containing Extracts . 

Caustic soda treatment of unfractionated posterior lobe extracts 
modifies their melanophore excitant properties in at least two ways: 
(a) the melanophore expanding potency is increased;, { b ) there is an 
increased duration of response when sub-maximal doses are injected 
[Landgrebe and Waring, 1941]. 

The increased potency (a) has usually been attributed to destruction 
of pressor activity by the caustic soda treatment. Landgrebe and 
Waring ( ioc . cit .) showed that the degree of potentiation brought about 
by caustic treatment is not correlated with the pressor content of the 
extract before treatment; and that increased duration of response 
„ caustic treatment may be obtained both from extracts with a high 
initial pressor content (ox) and extracts with little, if any, pressor pro- 
perties (dogfish). From these and other data they concluded that/ f a 
substance (or substances) other than Jores’s C B ? precursor is present 
m general posterior lobe extracts, which, after treatment with alkali, 
modifies the melanophore response evoked by in at least two ways.” 

There was no evidence at the time to show whether both effects 
brought about by caustic soda were due to its action on one, or more, 
substances in the original extract. We now have evidence which (i) 
suggests that potentiation is a separate process from that causing 
‘ Inc reased duration of response, (ii) shows that increased duration of 
response is not an “all or nothing 51 phenomenon. 

The prolonged duration of response after caustic treatment is sus- 
ceptible of three possible explanations: (ct) slow absorption of the 
active principles from the site of injection, (b) reduced rate of excretion, 

(c) reduced rate of destruction or of adsorption by the tissues or both. 

VOL. XXXII. NO. 2.— 1943. 
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We have no direct experimental evidence to show which is correct. 
What evidence there is makes (c) the most probable for the following 
reasons. Xenopiis injected with similar doses of caustic soda treated 
and untreated extracts of comparable purity show only barely signi- 
ficant differences in the speed of initial response [see curves in Landgrebe 
and Waring, 1941]. So it is unlikely that the difference between pro- 
longed and short responses is due to difference in the speed that the 
extracts diffuse through membranes (i.e. absorption from the site of 
injection). Experiments described in our previous paper and on p. 138 
of this one show that easily measurable quantities of “B ” activity are not 
excreted via the kidneys in normal animals. As (c) above is the most 
likely interpretation of prolonged responses, and until evidence to the 
contrary is obtained, extracts that evoke prolonged responses may 
conveniently be referred to as “protected.” 

New observations on the effect of caustic soda fall under two 
headings: 

(a) Potentiation of Melanophore Excitant Activity. — We have con- 
firmed a previous finding that caustic soda treatment of a simple acetic 
acid extract of our crude ox powder doubles its melanophore expanding 
power 1 and “protects” it. If carbon is added to such a potentiated 
and “protected” extract, and elution is effected with glacial acetic 
acid, a “B "-containing extract is obtained that exhibits only slight 
“protection” {i.e. L.R.W.j). The yield of final product expressed in 
percentage activity of the original crude extract is 120 per cent. (i.fi. 
GO per cent, yield of the potentiated crude extract). As the amount 
of melanophore activity in the filtrate after charcoal adsorption repre- 
sents about 40 per cent, of the activity of the original crude extract, 
and as a further 30 per cent, can be extracted from the charcoal by 
further extraction with glacial acetic acid, we can assume that the 
original crude extract has been fully potentiated by the caustic soda 
treatment. . Fully potentiated and only partly “protected” “B” may 
thus be obtained. When phenol is used for elution [Landgrebe and 
Waring, 1941], potentiated and fully protected “B” is obtained. This 
suggests that potentiation and “protection” of “B” by caustic soda 
are separate and distinct phenomena. 

L.R.W.o is a “B” extract prepared by carbon adsorption from crude 
extracts not previously treated with caustic soda. No potentiation is 
obtained when L.R.W.o is treated with caustic soda. There is in fact 

a slight reduction in potency as shown by the following. 

6 

Solutions of L.R.W.o were adjusted to with caustic soda and kept 


i We have no knowledge of the lighting conditions to which the oxen were 
Vecfced prior to killing. So no data are available relevant to the precursor 
ciVhitjmce which, according to Jores (1934), accumulates in pituitaries of animals 
in complete darkness and is activated by caustic soda. 
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in a boiling-water bath for 10 min. and for 00 min. When cooled 
and neutralised they were assayed with. the following result: — 


Before treatment: 
activity per ml. 

After 10 min. treatment: 
activity per ml. 

After GO min, treatment: 
activity per ml. 

B . 10,OOOL.W. units. 

P . .5 Int. units. 

O . .2 Int. units. 

B . 8,000 LAV. units. 
P . less than 0-2 I.TJ. 
O . less than 0*1 I.U. 

•B . 2,000 LAV. units. 

P .. less than 0*1 units. 

O . less than 0*1 units. 


These results show a loss of 20 per cent, melanophore excitant 
activity after 10 minutes treatment and SO per cent, after 1 hour. 

The present state of our knowledge concerning “B” and potentiated 
<f B” (B x ) may be summarised as follows: “B” and B x are both adsorbed 
to charcoal and eluted from it by acetic acid or phenol. They can be 
precipitated from these organic solvents by ether or acetone. Boiling 
N 

witlx — caustic soda slowly destroys “B.” Similar tests have not been 

made with B 1# If the difference between ct B ” and B x is due to the re- 
arrangements of atoms within the “B” molecule, then adsorption of “B” 
to charcoal stabilises it so that it can be no longer converted by caustic 
soda into B 1# If the conversion of “B” to B\ involves combination with 
•some other constituent in crude extracts, then the unknown substance 
is adsorbed to charcoal and is either not eluted by phenol or acetic acid 
or is not precipitated from these eluents by ether or acetone. “B” 
(without Bj) has never been obtained “protected.” B x can be prepared 
fully protected (e.g. crude extract treated with caustic soda) or with 
very little “protection” (L.R.W^). 

(b) Increased Duration of Response . — Comparison of duration of the 
melanophore responses evoked by various caustic treated extracts 
indicated that there may be different degrees of “protection.” Amounts 
of different extracts which evoke the same rise of melanophore index 
show clear differences in the duration of responses obtained (see fig. 1). 

\ When L.R.W.o is treated with caustic soda there is evidence of very 
slight “protection” which is even less in degree than that shown by 
L.R.W.^ Although for purposes of rough classification L.R.W. 2 after 
caustic soda would be classified as “unprotected,” the protection 
disclosed is slightly greater than could be attributed to destruction of 
its pressor content alone. 

Attempts to isolate the precursor of the protecting agent (X) or the 
protecting agent itself (X x ) free from “B” have been unsuccessful. 

The present state of our knowledge concerning X and X x may be 
summarised as follows. X is present in crude extracts. Both X and X x 
vhen present in original extracts are adsorbed by charcoal. X is eluted 
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and precipitated in very small quantities by acetic acid and ether (as 
in preparation of L.R.W.o). Efforts to isolate it from the acetic used 
for elution, after precipitation of L.R.W.o, have yielded inconsistent 
results. X x is eluted by phenol and can be precipitated with B x by 
acetone. It is partially eluted and precipitated by acetic acid and 
ether (as in preparation of L.R.W. X ). 

In our previous paper we left it an open question as to whether 
oxytocin is X. Tests show that it is not. No evidence has yet been 
advanced to show that the substance is specifically a pituitaiy product. 



3 3 4 5 

HOURS 


Fig. 1. — -Degrees of ** Protection ” of “B ” activity. 

Normal Xenopus , White background. All injections 1*0 c.c. D.L.S. 

-O =L.R.W.i (slightly ‘‘protected,” p. 124). 

“■#- « Crude caustic treated posterior lobe extract. 

•O* 5=Caustic soda treated * 4 B” powder .prepared from anterior lobe by original 
method [Landgrebe and Waring, 1941]. 

We may merely be dealing with simple inert proteinslhat delay absorption 
from the site of injection into circulation [c/. Fraser, 1942]. From the 
time relations exhibited by the response curve it is more likely that 
“protected” “B” is an extract containing B adsorbed to a protein 
hydrolysate and thus rendered less easily destroyed in the tissues. 

(iii) Comparison of Stride's (1936) Product and our own . 

Broadty speaking, three lands of activity have been claimed for 
intermediate lobe extracts: (a) melanophore expansion, (b) erythro- 
phore expansion, (c) “metabolic” effects. We have compared Stelile’s 
product and ours with regard to (a) and (6). Experiments on (c) have 
been confined to our own extracts. These will he considered separately 
rin the next section. 
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Professor Stelile kindly supplied us with a sample of his extract of 
raelanopkore expanding hormone (1936) prepared as follows: — 

A dilute acetic acid extract is concentrated and nearly all the oxytocic and 
pressor properties are precipitated with ethyl alcohol. The alcohol solution 
is evaporated to dryness and the residue extracted with methanol. Ethyl 
acetate is added to the methanol solution'and the active principle is precipitated. 
The precipitate is re-extracted with methanol in which the active principle is 
now insoluble. 

(a) 3Ielanop1iore Expanding Activity . — Stelile “standardised his 
powder in frog units. Our first step was to assay it, using Xenopus as 
the test animal. We also made rough pressor and oxytocic assays. 
Table I records the relevant data. 

Table I. 


• 

Melanophore activity. 

Pressor^ 

activity^ 

Oxytocic 

activity. 

Preparation, 

L.W. units 
per mg. 

Per cent, 
of activity in 
crude extract. 

Stehle 

10,000 

10 

< 1 * 

< 1 * 

>» after alkali 


20 

0*1 


L.R.W.2 . 


16 

5 

2 

if after alkali . 

8,000 

13 

0*2 


L.R.W.! . 

85,000 

120 (see p. 124) 

< 1 

<1 

>» after alkali 


100 

<0*1 

<0*1 


* Stehle’s own assay [1936] was < 4 I.U. pressor and < l I.U. oxytocin per 100 
melanophore units. On the assumption that Stehle’s melanophore unit is the 
activity of 0*5 mg. of his standard posterior lobe powder (which on his published 
data we calculate to contain 200 L.W. units), then 1 Stehle unit =200 L.W. units. 
If this is true, Stehle found < \ I.U. of both presSor and oxytocin in 1 mg. of his' 


Summarising our results: (i) Stehle’s extract is contaminated with 
the unknown substance X, and is also potentiated by caustic soda 
treatment; (ii) L.R.W. 2 contains very little X and is not potentiated 
y Rustic soda treatment; (ill) L.R.W.o is more highly contaminated 
with, pressor substance than is Stehle’s extract. 

(b) Erythrophore Expanding Activity . — General posterior lobe 
Extracts cause expansion of erythrophores as well as melanophores. 
ondek and Krohn were not satisfied with frogs as test animals for 
ntermedin.” They introduced the ventral reddening of Phoxinus 
or assay purposes. A unit of activity was defined as - the amount 
^ lich would cause red patches o£ 4-9 sq. mm. to appear on Phoxinus 
etween the pectoral and pelvic fins and round the anal fins. Of their 
most potent preparation 0*001 mg. powder was equal to 1 unit. The 
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objections to this test for quantitative work have been fully discussed 
elsewhere [Landgrebe and Waring, 1941]. The value of the Phoxinus 
response in the present context is that it affords another physiological 
test bj r which the Stehle and our intermediate lobe products may be 
compared/ 

Apparently Zondek and Krolin did not consider the possibility 
that the substance responsible for the erytkrophore effect in Phoxinus 
might be different from that which evokes melanopkore expansion in 
amphibia. There* is some evidence that two separate excitants are 
involved. Some of the evidence is unconvincing [Landgrebe and 
Waring, 1941], but one observation by Dr. Astwood recorded by Stehle 
[1938] seemed to offer a good basis for comparing the pharmacological 
properties of Stelile’s preparation and L.R.W. r 

Astwood observed that 0*001 mg. of a preparation similar to Stekle’s 
causes a degree of reddening in Phoxinus equivalent to 1 Phoxinus 
unit [Zondek and Krolin]. On a weight basis, therefore, Astwood’s 
preparation and Zondek and Krokn’s are, equally potent. Alkali 
treatment of Astwood’s preparation potentiated its melanopkore 
properties, but reduced its’ ery^thropboro excitant properties to about 
one-tenth of the untreated material. 

We injected Stehle’s preparation (not treated with caustic soda) 
and L.R.W.j into Phoxinus . The weight of Stehle powder first injected 
was the same as that found by Astwood to contain 1 Phoxinus unit. 
The amount of L.R.W.j injected contained the same number of L.W* 
melanophore units (Table II). 


Table II. 

Same 12 Phoximis used for all injections. 



L.W. 

melanophore 

units. 

No. showing ventral 
red patches. 

Stehle Preparation . 



1. *001 mg. fish 

10 

S 

2. *005 mg. fish 

50 

7 

LM.W.i Preparation. 



1. -00012 mg. fish 

10 

S 

2. -0006 mg. fish 

50 

S 


Tlie results confirmed the conclusion previously reached by Land- 
trrebe and Waring [1941] that Zondek and Krolin ’s method is useless 
for quantitative assay, and even as a qualitative test it is unreliable. 


i 
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The 4 animals that did not respond to -001 mg, of Stehle’s preparation 
were unresponsive to five times the dose. The same 4 animals were 
.refractive to L.R.W.j. The only definite conclusion that can be drawn 
from the test is that L.R.W.j (subjected to caustic soda treatment 
during preparation) contains erythrophore activity. 


Part II. 

, (i) “Metabolic Effects'" of Posterior Lobe Extracts . 

A large number of reports have recently appeared describing what 
may be conveniently referred to as metabolic effects arising after 
injection of posterior lobe extracts. Some of these have been observed 
after injection of extracts substantially free from pressor and oxytocic 
properties, e.g. Stehle’s melanophore preparation [O’Donovan and 
Collip, 1938], In investigating whether any of these effects are evoked 
by our “B ’’-containing extracts we have so far confined ourselves to 
those relating to blood-sugar. 

(a) Previous Work . 

The following effects on blood-sugar have been attributed to various 
posterior lobe extracts: — 

(i) Hyperglyccemia or Hypoglyccemia in otherwise Untreated Animals. — The 
literature to date permits no definite conclusion as to what specific constituent 
of posterior lobe extracts is responsible for the hyperglycsemic or hypoglycsemic 
actions of general posterior lobe extracts. The available data imply that: 
(1) the effects are not attributable to the pressor, oxytocic or melanophore 
expanding activities as such; (2) they may be associated with any of the above 
three according to the method of their preparation; (3) the site of injection 
has important effects; (4) if the effects are due to specific substances as distinct 
from a mixture of proteins, the fact that the same extract may be effective in 
one species and not in another, means that to be effective the substance(s) 
must be injected in a definite combination with protein for each species. 

(ii) Antagonism to Hiypoglyccemia evoked by Insulin Injections. — Experiments 
on the injection of insulin and posterior lobe extracts indicate that the latter 
may antagonise the hypoglycsemic action of the former in at least two ways. 

Bum [1923] showed that when whole posterior lobe extract and insulin 
were both injected subcutaneously and simultaneously hypoglycsemia does not 
occur. Gurd [1934] obtained 40 per cent, abolition of insulin hypoglyccemia in 
rabbits by simultaneous subcutaneous injection of 30 units Pitocin, and 80 
per cent, abolition by 30 units Pitressin. If the pituitrin is injected some hours 
prior to insulin injection it has no inhibitory effect [Young, 1938]. Griffith 
[1941] as a result of experiments employing posterior lobe extract (Infundin) 
injected subcutaneously, and insulin injected subcutaneously or intravenously, 
has concluded that hypoglycaemia does not occur after subcutaneous adminis- 
tration because peripheral vasoconstriction prevents the insulin reaching the 
circulation in adequate amounts. 

As against this type of indirect action some workers have reported that 
posterior lobe substance can antagonise the effect of insulin when both are injected 
direct into circulation . Here again it is not possible to assign this inhibitory 
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objections to this test for quantitative work have been fully discussed 
elsewhere [Landgrebe and Waring, 1941], The value of the Phoxinus 
response in the present context is that it affords another physiological 
test hy which the Stehle and our intermediate lobe products may be 
compared. 

Apparently Zondek and ICrokn did not consider the possibility 
that the substance responsible for the erythrophore effect in Phoxinus 
might be different from that which evokes melanopkore expansion in 
amphibia. There' is some evidence that two separate excitants are 
involved. Some of the evidence is unconvincing [Landgrebe and 
Waring, 1941], but one observation by Dr. Astwood recorded by Stehle 
[1938] seemed to offer a good basis for comparing the pharmacological 
properties of Stehle's preparation and L.R.W. X . 

Astwood observed that 0*001 mg. of a preparation similar to StehIe J s 
causes a degree of reddening in Phoxinus equivalent to 1 Phoxinus 
unit [Zondek and Krolin]. On a weight basis, therefore, Asfcwood's 
preparation and Zondek and Krohn’s are equally potent. Alkali 
treatment of Astwood’s preparation potentiated its melanophore 
properties, but reduced its* erythrophore excitant properties to about 
one -tenth of the untreated material. 

We injected Stehle’s preparation (not treated with caustic soda) 
and L.R.W.j into Phoxinus. The weight of Stehle powder first injected 
was the same as that found by Astwood to contain 1 Phoxinus unit. 
The amount of L.R.W, X injected contained the same number of L*W. 
melanophore units (Table II). 


Table II. 


Same 12 Phoxinus used for all injections. 



L.W. 

melanophore 

units. 

1 

No. showing ventral 
red patches. 

Stehle Preparation. 



1. *001 mg. fish 

10 

S 

2. -005 mg. fish 

50 

7 

L.RAY.-l Preparation. 



1. *00012 mg. fish 

10 

S 

2. *0006 mg. fish 

50 

s 


The results confirmed the conclusion previously readied by hand- 
le and Waring [1941] that Zondek and Krohn’s method is useless 
for quantitative assay, and even as a qualitative test it is unreliable. 
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rabbits (1*9-2*G kg.) were used for the adrenalin-pituitary experiments 
because they exhibited a more consistent hyperglycemia to adrenalin. 
The results obtained were confirmed on Belgian bares. All animals 
were fed on concentrates, bran, and mixed vegetables. They were 
kept in separate cages at constant temperature. For insulin experi- 
ments the animals were put in the laboratory for at least 20 hours 
before any experiment and were rested for at least two whole days 
between experiments. No animal was injected with pituitary extract 
until at least a week had elapsed since its last injection of extract. 
Blood was drawn from the ear vein, care being taken not to excite 
the animals. 

(ii) Estimations . — Blood-sugar was estimated by the Hagedorn- 
Jensen method. The error with known solutions was not more than 
about 5 per cent. 

(iii) Extracts. — Insulin — B .D .H. “AB” Insulin (20 u./c.c.). 

Adrenaline — B.D.H. Adrenaline hydrochloride solu- 
tion (0-1 per cent.). 

Melanophore hormone ( <C B”) — see legends, figs. 1-5. 

(iv) Results. 

(1) Effect of “ B” -containing Extracts on Blood-sugar lohen injected 
alone . — Fig. 2 shows the effect of subcutaneous injection of a high dose 



ho ms. 

Fig. 2. — Effect of L.R.W.o on Blood-sugar. 

Rabbits injected (subcutaneously) at 18th hour of fast. 

x -Rabbit A (male): 50,000 u. “B” at 0 hr. (3 c.c. extract.) 

50,000 u. “B” at 4J hr. (Abbow.) 

*0 = Rabbit C (female): 50,000 u. “B” at 0 hr. 

— Rabbit E (male): 3 c.c. distilled water at 0 hr. (Contbol,.) 

of “B” (L.R.W. a ). No significant change occurred, in the treated 
animals. Slight variations in blood-sugar level occurred in both 
control and experimental animals. 

In the insulin experiments (fig. 4) the initial blood-sugar level of 
“B ’’-treated animals -was seldom higher than the control figure, except 
in two cases where the extract was less highly refined. The hyper- 
glycemia evoked in these two rabbits may have resulted from the 
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action to pressor, oxytocic, or melanophore excitant activities as such. Thus 
Geiling, de Lawders, and Rosenfeld [1931] noted “prompt and marked liyper- 
glycamiia” after intravenous injection of Pitocin (1 c.c.) or Pitressin (0*5 c.c.) 
into insulinised dogs. Ellsworth [193G] found that Post iobin 0 antagonised 
insulin hypoglycmmia in the dog, but Post lobin V was ineffective. Pituitary 
injections were given 5-30 min. after intravenous injection of insulin. Griffith 
[1941] concluded that “no satisfactory 7 answer can yet be given to the question 
of the existence of a direct antagonism between insulin and posterior, lobe 
extract.” 

Evidence for the possible implication of “B” is derived from two sources. 
Young [193S] was able to abolish the action of 2 units of insulin (crystalline) 
given intravenously or subcutaneously 7 to pituitary treated rabbits fasted 
21 hours. Anterior lobe extracts were given subcutaneously 7 at the beginning and 
at the sixteenth hour of the fast. With liis best extracts a dose equivalent to 
about 1-2 mg. dried anterior lobe powder was effective. He was able to show 
that the “gly T co tropic” action was not due to prolactin, thyrotropin, or 
gonadotropin. His extracts were probably contaminated with <e B” and he 
did not eliminate this as the responsible agency. The fact that he found 
pituitrin ineffective makes it improbable that “B” was the substance involved. 
Reufeld and Collip [193S] reduced or prevented the hypogtycsemic action of 
6 units of insulin in fasted rabbits, by preliminary 7 treatment with an anterior 
lobe extract or (only one experiment recorded) alkali treated posterior lobe 
extract. The doses used represented about 0*5-1 *0 g. fresh gland tissue. 
Though they suggested that the anti-insulin effect might be due to “B,” no 
assay T s for this excitant were disclosed. 

(iii) Antagonism to Hyperglycmmic Action of Adrenaline , . — Relatively little 
work appears to have been done on the adrenaline “antagonist.” Burn [1923] 
found that subcutaneous injection of posterior lobe extract (Infundin) simul- 
taneously 7 with adrenaline diminished the hyperglymsemic effect of the latter* 
Gurd [1934] found that adrenaline hyperglyceemia in the rabbit was diminished 
by doses of 30 units of vasopressin or ox^ytocin, the former being more effective. 
Neufeld*and Collip [1938] claimed that their insulin-antagonising extracts also 
antagonised adrenaline in fasted rabbits and concluded that “a more pronounced 
antagonism to insulin hypogly 7 csemia and adrenaline hyperglyemfnia resulted 
after prolonged treatment; the adrenaline antagonism appeared to be more 
defined than that to insulin.” In a later paper [1939 6] they reported the effect 
of posterior lobe extracts in fed rabbits given subcutaneously 45 ruin, and 0 nun- 
before subcutaneous injection of 0*1 mg. adrenaline. All the extracts — a lcoh oh 
*25 per cent, acetic, and water extracts — were boiled 10 min. with N/10 NaOH 
to destroy pressor and oxytocin, but apparently no “B” assays were made. 
Their doses were equivalent to about 1 g. original tissue. Fairly 7 consistent 

antagonism to adrenaline was observed, even when adrenaline was given intra- 
venously and the extract given subcutaneously^ or intravenously. Commercial 
oxytocin was ineffective [Neufeld and Collip, 1939 a]. 

Young [1938] found that animals rendered insensitive to insulin by anterior 
lobe extracts were rendered more sensitive to subcutaneously 7 injected adrenaline 
(0*02 mg.) as compared with controls. The action of intravenously infused 
adrenaline was not significantly altered. 

(b) Experimental. 

(i) Animals . — Belgian hares (1-9-2-3 kg.) were used for experi- 
ments on blood-sugar effects folio-wing pituitary injections alone and 
for experiments with insulin and pituitary extracts. Havana Rex 
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received GO, 000 units of the “protected” fraction. As -with posterior 
lobe “B,” the action of insulin was slightly but not significantly 
diminished in both animals. 



Fig. 4 . — Effect of different “B ’'-containing Extracts on Insulin Hypoglycemia. 

' Babbits (females') fasted 21 hours before subcutaneous injection of 2 units 
insulin: same pair ( C and D) used throughout. “B” injected subcutaneously in 
two equal portions, 19 and 2J hr. before insulin. Vertical lines indicate maximum 
and minimum values observed. 

^ =15,000 u. “protected” “B.” Two experiments per rabbit — in. one 
case convulsions occurred at 2-jl hr. 

sfc =60,000 u, “protected” “B.” One experiment per rabbit. 

-O =75,000 u. “crude protected” U B.” One experiment per rabbit. 

•#-» Controls (insulin alone). Two experiments per rabbit — each 
developed convulsions at 2| hr. in one experiment. 

“Protected” “ B ’’-—prepared by eluting from charcoal with H/10 NaOH for 
10 min. in boiling-water bath. Pressor content less than 1 I.TJ./12,500 LAV. units. 

Contaminated with fair amount of inert protein. 

Crude ** protected n “jS”- — original *25 per cent, acetic extract was salted out by 
saturation with NaCl precipitate taken up in water, adjusted to E/10 HaOH, kept 
boiiing in water bath for 10 min. and then neutralised. Pressor content less than 
10 I,U./75,000 LAV. units. 

( c ) Effect of “ B containing Extracts on Adrenaline H yperglycaeniia . — 
Big. 5 summarises the results of 4 experiments on 3 Havana male 
rabbits. Experiments were performed at weekly intervals, with the 
exception that 14 days elapsed between the 2nd and 3rd experiments. 

Evidently L.R.W.j has a definite antagonistic effect on the hyper- 
glycemic activity of adrenaline. The sequence of experiments 
precludes the possibility of a developed tolerance to adrenaline. It is 
noteworthy that the effective weight of extract was similar to the 
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pressor content (about 10 units) of the extract or from its high protein 
content. It seems, therefore, that though different “B ’’-containing 
extracts may either elevate or depress [e.g. O'Donovan and Collip, 
1938, using Stehle’s preparation] blood-sugar level, tins is not a property 
of all “B” -containing extracts. ’ 

(2) Effect of “ B” -containing Extracts on Insulin Hypoglyccemia — 
Since neither Young nor Collip assayed their extracts for ,f B,” any 
attempt to match the doses of “B” they injected must be very approxi- 
mate. 1 g. of the sample of “Oxo” anterior lobe -we have in this 



Fig. 3. — Effect of L.R.W.o on Insulin Hypoglyccemia. 

Rabbits (males) fasted 21 hours before subcutaneous injection of 2 units insulin. 
Vertical lines indicate maximum and minimum values observed. 

^• — Rabbits B (twice), E : 35,000 u. “B” intravenously immediately before 
insulin, 

-0-=Rabbit A: 35,000 u. “B” subcutaneously immediately before insulin. 

X =Rabbits A, Ex 70,000 u. “B” subcutaneously in two equal doses, 19 and 
2£ hr. before insulin* 

= Rabbits A, B, E: Controls (insulin alone). 

laboratory contains approximately 85,000 L.W. units of “B.” 
used doses of the order of 50,000 units. 

Figs. 3 and 4 show that intravenous or subcutaneous injections of 
highly purified “B” immediately before injection of insulin, or sub- 
cutaneous injections 19 and 2\ hours before insulin, exerted little or 
no glycotropic effect, though they slightly delayed the action of insulin 
during the first hour. When a crude extract, relatively low in pressor, 
was injected (fig. 4) the animals exhibited shock symptoms, but there 
was no conclusive inhibition of the action of insulin. 

A “B ’’-containing extract prepared from anterior lobe powder 
was used in another experiment. Rabbit A received 60,000 units of 
the unprotected "B,” by the procedure detailed under fig. 4. Rabbit B 
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[Heller and Urban, 1935— anti-diuretic from unanossthetised rabbits; 
Jones and Schlapp, 1936— pressor activity from pitlied eats; Larsen, 
1939 — oxytocic activity from unan&sthetised rabbits]. All these investi- 
gators reported a small percentage recovery in the urine. Heller and 
Urban [1935] showed that in vitro the liver was the most potent tissue 
for removal of anti-diuretic activity from solutions. Their experiments 
suggested that the active principle was first adsorbed and later inacti- 
vated by enzyme action. Larsen [1939] concluded that aminopoly- 
peptidases from liver and alimentary canal inactivate the oxytocic 
principle. 

We have tested for “B” in the blood, urine, and liver of untreated 
and injected rabbits. 

(a) Blood . 

1* Technique for Delecting “ B ” in Mammalian Blood . — When 
injected into the dorsal lymph-sac of Xenopus y human or rabbit plasma 
may cause pronounced local darkening of the skin but only a very 
slight rise of melanophore index in the webs. This effect is evoked 
by a number of non-specific agents and so cannot be accepted as.evidence 
for the presence of “ B ” in the plasma. Quite apart from this, injections 
of untreated serum are toxic. Death usually occurs ,2 to 3 weeks 
after an injection. So a means of removing excessive inert protein 
was devised. Levinson [1940] used a modification of Jores’s method. 
Blood was run into 50 percent, alcohol, and the filtrate was evaporated 
to dryness and re-extracted with 70 per cent, alcohol. The filtrate 
was again evaporated to dryness. After treatment with caustic soda 
the residue was injected into the test animals. Abxamowitz [1937], 
working with Fundulus blood, found that its melanophore expanding 
potency was increased by caustic soda treatment. The objection to 
the use of caustic soda treatment of blood is that the resulting degree of 
potentiation and increased duration of response is not necessarily 
correlated with the amount of “B” present in different samples. 

We first tried the effect of denaturing plasma protein by heat. 
This did not eliminate the toxic properties sufficiently. We then tried 
a precipitation technique. The objection to this procedure on general 
grounds is the inevitable loss of active principle in dealing with small 
quantities of blood. Since studies of the precipitation of <f B 5> activity 
from crude aqueous glandular extracts indicated that acetone pre- 
cipitated most of the active principle we made our first experiments 
with this agent. Blood was drained into acetone so that the final 
concentration was about 85 per cent, acetone. The precipitate was 
dried, ground to a powder, and stored^in a desiccator. Extraction 
with boiling water yielded a toxic solution, and the use of 70 per cent, 
alcohol was not entirely satisfactory. Extraction with boiling absolute 
alcohol yielded a solution that contained very little solid matter and 
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weight of adrenaline antagonised. This contrasts sharply with the 
amount of pituitary extract used by some workers to inhibit insulin 
hyp 0 gty c£eil: h a - The graph shows that adrenaline evokes a consistent 
hyp erglyc&mi a in the Havana Ilexes. Experiments with Belgian 
hares indicated that the response to adrenaline was not so consistent 
and that larger doses of a less refined t£ B” extract than L.R.W.j were 



? 3 

yp TO tfter AnumJl . 


Pig. 5. — Pffecfc of L.K.W.i on Adrenaline Hyperglyciemia. 

Group of 3 male rabbits, fasted 21 hours before subcutaneous injection of 0*1 mg: 
adrenaline. ,l B n injected subcutaneously in two equal portions, 45 min. ana 
0 min. before adrenaline . 

Vertical lines indicate maximum and minimum values observed. 

The experiments were performed in the order listed below. 

= Controls (adrenaline alone). 
v x =10,000 u. “B” as above. 

O = Controls (adrenaline alone), 
jfc =20,000 u. “B” as above. 

needed to inhibit the hyperglycsemia. The antagonistic action of 
L.R.W a is not due to direct chemical inactivation of adrenaline. This 
is shown by* its failure to inhibit a rise of blood-pressure evoked by 
adrenaline. Experiments described on p. 139 show that an activity 
indistinguishable from “B 55 can be obtained from the liver and suggest 
that the liver can adsorb the activity. So it may be that the anti- 
adrenaline action of L.R.W. X is exerted in the liver (cf. Himsworth 
and Scott’s [1938] experiments which show that the action of Young’s 
gtycotropic extracts is exerted partly on the peripheral tissues). 

(ii) The Fate of B -hormone in the Animal Body. 

Several investigators have reported the presence of posterior lobe 
activities in the urine after intravenous injection of pituitary extract 
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powder imply that he was dealing with small differences based on degrees 
of melanophore expansion which might be easily produced by substances 
other than “B.” 

Levinson’s data are of particular interest because he used very small 
quantities of blood (0-3 c.c.). His technique, however, is open to 
serious criticism. He treated all liis blood extracts with caustic soda 
and determined the relative potency of various extracts by the length 
of time pale frogs remained dark after injection. The objections to the 
use of caustic soda in this way have been stated already. There is 
special objection to its use when the index of activity is the duration 
of response. Assays based on the macroscopic colour of amphibians 
are quite unreliable. If Henopus or Rana are kept on a white back- 
ground for long periods there is an absolute loss of pigment. Conversely 
on a black background there is a pigment gain. So frequently a frog 
with fully expanded melanophores appears macroscopically paler than 
another with melanophores almost fully contracted. In our experi- 
ments a very noticeable darkening frequently occurred and persisted 
for various times, even though the melanophore index did not rise 
above 2-5. The reason why we are doubtful as to whether we ever 
detected “ B ” in the blood of normal animals is that if the equivalent 
of 3 c.c. raised the index to 2*5, twice the dose had no greater effect. 
This does not happen with graded doses of pituitary extract. 

“ B ^ can be readily detected in blood from amphibia and fish. In 
these, blood can be transferred direct without treatment from donor 
to recipient. We are, therefore, unable to eliminate the possibility 
that the differences found between warm- and cold-blooded animals 
may be due to difference of assay technique. 

3. Time taken for Infected “ B 55 to Disappear from Rabbit Blood . — 
Doses containing up to 10,000 L.W. units of “B” (L.R.W. a ) were in- 
jected subcutaneously and intramuscularly into unaneesthetised rabbits 
(2 kg. approx,). Three c.e. samples of blood were taken at various 
times and their <c B 55 content assayed by the method described in the 
previous section. It is doubtful whether measurable quantities were 
detected in the circulation. The slight rise of melanojjhore index 
observed in the test animals was never greater than would be caused 
by 2 units per ml. blood. We are not confident that the small excitant 
activity detected was “B.” According to Heller and Urban [1935] 
the volume of circulating blood of the rabbit may be assumed to be 
1/1 3th of its body weight. So in these experiments only 3 per cent, (at 
the most) of the injected excitant was detectable at any one time in 
circulation. We have previously shown that intraperitoneal injection 
of large quantities of protected and unprotected “B” into mice leads 
to no detectable quantities of “B ” in the urine. Since subcutaneous 
injections evoke a very definite pharmacological effect (p. 133) either 
“B” itself is not the adrenaline inhibitor or "B” is removed from the 
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M r as not toxic to normal or l^pophysectormsed Xenojnts. However, 
powder equivalent to 3-6 c.c. blood yielded little, if any, “B/* so we 
tested tlie efficiency of the method by adding a known quantity of “B” 
extract to blood in vitro . Immediately the “B” extract was added, 
the blood was poured into acetone. The yield was about 60 per cent. 
Since loss is bound to occur at at least 3 stages in processing — viz. at 
precipitation, at solution in alcohol, and at resolution in water after 
evaporating the alcohol solution to dryness — this low yield is not 
surprising. Re-extraction of the residue with J per cent, boiling acetic 
acid and attempts to recover activity from the acetone yielded little. 

Another method was also used with similar results. Blood was 
run into 4 volumes of absolute etliyl alcohol and heated for a few 
minutes in a boiling-water bath. The extract was centrifuged while 
hot, the supernatant fluid poured off and evaporated to dryness in a 
boiling-water bath. The residue was taken up in a few ml. of distilled 
water and injected immediately. 

2. u jB !5 Content of Blood of Uninfected Babbits. — Special metal 
boxes were used for experiments on the “B” content of blood from 
rabbits kept under different conditions of illumination. Those for 
subjecting animals to complete darkness were enamelled dull black 
inside and fitted with a false bottom for the escape of urine and faeces. 
Adequate ventilation was provided by holes fitted with light traps. 
As an additional precaution all experiments were conducted in a dark 
room. Boxes for providing white or black backgrounds were similar, 
but provided with overhead electric illumination. The size and 
ventilation were such that animals could he maintained in them for 
lengthy periods. 

We kept animals under the different conditions for periods up to 
3 days. Blood was run from the ear vein direct into the appropriate 
amount of acetone. In most experiments we used 3 c.c. of blood, hut- 
in some cases up to 6 c.c. was drawn. In no case did we get a raelano- 
phore response which could undoubtedly be ascribed to “B.” This 
has not been the experience of other workers in this field. lores [1935] 
reported an increase of melanophore excitant in the blood of rabbits 
kept in darkness. Levinson [1940] detected a pronounced diurnal 
fluctuation in the melanophore excitant content of rat blood. Jores 
[1935] did not detail his technique, but in a previous paper [1933] he 
described the precipitation of blood by acetone, extraction with dilute 
acetic acid, evaporation to dryness, solution of the active principle in 
hot absolute alcohol, evaporation to dryness, solution of the residue in 
water and assay on isolated frog skin. The differences he noted between 
blood samples were recognisable whether the blood extract was subjected 
to caustic soda treatment or not. We have previously expressed 
doubt as to the validity of assays based on isolated skin. The data 
given by Jores for the potency of his blood extracts in terms of standard 
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may be associated with or bound to different -sized molecules of protein 
hydrolysates. This seems to be the only possible interpretation of the 
otherwise contradictory findings of Zondek and Krohn [1932] and 
Dreyer and Clark [1923] with regard to the relative diffusion rates of “B, 55 
pressor and oxytocin through membranes. So we shall not know 
whether “B” as ordinarily released from the intact pituitary can pass 
the kidney until we know in what form “B” is normally secreted or 
until we can augment endogenous secretion into the circulation. 

(c) Liver . 

We removed liver from untreated rabbits and guinea-pigs, macerated 
and boiled it in water. The filtered extract was well tolerated by 
intact and hypophysectomised Xenopus. The melanophore index of 
both was raised to 5 by a sufficiently large injection. Unboiled liver 
extract had no effect, and on cooling a boiled extract the activity is 
re-adsorbed to some extent. 

The ability to raise the melanophore index of a hypophysectomised 
amphibian to 5 is generally considered to be a specific property of “B,” 
but we had previously examined a human urine which contained a 
melanophore excitant that fulfilled this requirement, hut did not 
share with the excitant from pituitary powder the property of adsorbing 
to charcoal. So we attempted to adsorb “B” from liver with charcoal. 
Pour untreated virgin rabbits were decapitated. The gall-bladder 
and duct were removed from the liver, and after weighing, the liver 
was ground with sand. Distilled water was added and the mixture was 
brought to the boil and kept simmering for 3 minutes. Charcoal was 
added to the filtered extract. Subsequent treatment was similar to 
that used for extraction of L.R.W.! except that no caustic soda was 
used. Table IV summarises the results. 


Table IV. 


Babbit. 

Sex. 

Weight of liver. 

L.W. units of 
“ B ” recovered. 

1 

Female 

30 g. 

4000 

2 

Male ! 

35 g. 

100 

3 i 

Male 1 

33 g. 

50 

4 

Female 

52 g. 

2000 

: 


These two criteria, ability to raise the melanophore index of hypo- 
physectomised Xenopus to 5 and adsorption and elution from charcoal 
are as far as we can go at present in identifying the excitant substances 
from liver and pituitary as the same. A larger series of animals would 
be teeded to confirm that liver from males contains less "B” than 
those from females. 
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circulation as rapidly as it enters it. While we lack certain proof, experi- 
ments on liver extraction (p. .139), together with the experiments on 
blood-sugar (p. 134), suggest that the liver may be involved. 

After intravenous injection of “B” extracts into unansesthetised 
rabbits the activity could be readily detected in blood samples drawn 
from the opposite ear within a few minutes. Table III shows that the 
excitant was rapidly removed from circulation. 


Table III. 

Male Belgian hare (2 kg.) — unanresthetised. 10,000 L.W. units 
injected intravenously. 


Time after injection. 

Amount detected in blood sample. 
L.W. units/ml. 

5 min. 

20 (i.e. 30 per cent, still present) 

15 min. 

10 

30 min. 

2 


The figures have been corrected for the known loss in extraction. 


These determinations of the rate of disappearance of the active 
principle are of the same order as those of Heller and Urban [1935] 
for anti-diuretic activity in unanaesthetised rabbits and of Jones and 
Schlapp [1936] for pressor and oxytocic activity in pithed cats. 

(b) Urine . 

Urine was removed from untreated male rabbits and injected 
direct into Xenopus. It had no melanophore expanding 'activity. 
One of the same rabbits was injected intrap eritoneally with 50 c.c. 
warm distilled water and then 50,000 units of L.R.W.j were injected 
intravenously. A further 40 c.c. of water was injected intraperitoneally. 
Urine pressed from the bladder 2\ hours later contained approximately 
5000 units of “B.” The assay was made by injecting urine directly 
into Xenopus. A Check test showed that the excitant was adsorbed 
to charcoal. 

In our previous negative findings with intrap eritoneal injections, we 
used unprotected and fully protected “B.” The intravenous injections 
described here were made with partially protected “B.” We have not 
yet made comparable tests with intravenous injection of unprotected 
and fully protected “B.” Such tests might furnish direct evidence 
for the mechanism of “protection.” The experiment described here 
was in the nature of a preliminary experiment to test whether it was 
possible for " B ” to pass through the kidney under certain conditions. 
The finding has probably no physiological significance for another 
reason besides the obvious one, i.e. that the “B” content of the circular 
tion was abnormally augmented. In different extracts “B” activity 
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Summary. 

1. Modifications of the Landgrebe-Waring [1941] method for obtain- 
ing a high yield of potent melanophore expanding hormone (“IT') are 
described. 

2. The best product L.R.W.j contains per mg. — 

85,000 L.W. units “B ” 1 Int. Unit pressor. 

3. Properties of our new extracts are compared with those of Stehle’s 
[1936] extract. 

4. Extracts may be rich in “B 55 and yet exert no hyperglycemic or 
anti-insulin effects. 

5. The liyperglycsemia evoked by 0*1 mg. adrenaline is largely 
inhibited by subcutaneous injection of 0*25 mg. L.R.W.j. It is not 
claimed that this inhibition is due to “B” hormone itself. 

6. No significant amounts of “B” were detected in the blood or 
urine of untreated rabbits. 

7. Aqueous extracts of normal rabbit liver contain a melanophore 
excitant that, with the tests at present available, is indistinguishable 
from pituitary Cf B ’’-hormone. 
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PHOSPHATE, BASE AND HEMOLYSIS IN STORED BLOOD. 

By Moxtague Maizels. From the South-Eastern Blood Supply 

Depot. 

(Received for publication 21 st April 1943*) 

The present paper falls into two parts: the first deals with chemical 
and physical changes occurring during storage and the comparison of 
so-called in vitro and in vivo tests. The second part attempts to explain 
some of the ways by which these changes are brought about. 

PART I. 

Effects of Storage ox the Coimposition ahd Survival of 
Erythrocytes. 

Ever since blood banks were first instituted much research has been 
done to find the ideal diluent which will prevent coagulation of the blood 
and also give the best possible preservation of erythrocytes during storage. 
At first, in vitro tests were used exclusively, but later methods based on 
Ashby's [1919] original technique made it possible to study the survival 
of stored cells in the recipient's circulation [Wiener and Schaefer, 1940; 
Bushby, Kekwick, Marriott, and Whitby, 1940; Maizels and Paterson, 
1940; Mollison and Young, 1940], As a result of preliminary work, 
Maizels and Whittaker [1940 b ] stated that a substance which delayed 
haemolysis in vitro might not have much effect on survival in vivo , and 
later in a memorandum to the Medical Research Council [1941 a] the 
present writer concluded that there was poor correspondence between 
the various in vitro tests, that these did not always correspond with the 
actual survival of cells after transfusion, and that of all the tests used in 
assessing the value of various diluents for stored blood " methods of 
testing in vivo are alone conclusive/' Mollison and Young [1941, 1942] 
came to similar conclusions in papers presenting extensive data obtained 
both in vitro and in vivo. 

In vitro tests offer this ax>parent advantage: that a single specimen 
of blood may be divided and mixed with a number of different diluents 
so that any variation in a single sample may be attributed to the diluent 
alone. With in vivo tests, on the other hand, where survival of cells 
after transfusion is measured, only one diluent can be used for each 
transfusion and every transfusion tried requires a different blood and a 

143 




Phosphate, Base and Haemolysis in Stored Blood 145 

this time potassium diffuses from the potassium rich cells to the potassium 
poor plasma, while sodium flows in the reverse direction. This blood 
is then given to a Group A recipient. Before, and at intervals after the 
transfusion, samples of blood are withdrawn from the recipient and the 
A and 0 cells separated by an agglutination technique. The blood 
withdrawn is mixed with thirty volumes of high titre Group B serum 
and allowed to stand for two hours while agglutination occurs. The 
mixture is then gently agitated and left for a few minutes so that the 
larger agglutinates may settle. The supernatant fluid is then passed 
through a filter paper (Whatman’s No. 4) to remove the smaller 
agglutinates and the filtrate containing chiefly free Group 0 cells is 
centrifuged and its deposit anatysed. Findings in a typical case are 
shown in Table I. 


Tab be I. 


| Recipient. 


Donor cells. 

| Cells. 

Plasma. 

K. m,eq. 

Na m.eq. 

K m.eq. 

Na m.eq. 

Iv m.eq. 

Na m.eq. 

93 

17 

3-6 

144 

Before transfusion 

47 

55 





1 hr. after transfusion. . 

44 

60 





24 hrs. „ „ 

76 

34 

L 




99 99 99 * 

82 

26 


It will be seen that K in the transfused cells rises from 47 m.eq. 
to approach the value in the recipient’s cells, although external K is 
only 3-6 m.eq. while cell Na falls from 55 m.eq. to 20 m.eq., although 
external Na is no less than 144 m.eq. 

With this process of chemical “reconditioning” in mind it is possible 
to proceed with a consideration of in vitro tests. 

In Vitro Tests on Blood mixed with various Preservatives. 

20 c.c. lots of pooled lieparinised blood from two donors were mixed 
with the following citrate solutions: — 

(1) Simple; Na citrate 2*5 per cent., 5 c.c. 

(2) Weak glucose: Glucose, 2*8 per cent, in Na citrate 2*5 per cent., 

5 c.c. (This solution is similar to the Medical Research 

Council, 1940, recipe.) 

(3) Medium glucose: Glucose 11*2 per cent, in Na citrate 2*5 per 

cent., 5 c.c. 

(4) Rous-Turner: [1016] Glucose: Glucose 3*85 per cent, in Na 

citrate 1*08 per cent., 46*5 c.c. 
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new recipient. For these reasons, large series and statistical analyses 
are necessary if results are to be conclusive. 

It is, perhaps, their apparent simplicity and the well-marked differ- 
ences that they?' seem to show between cells stored with various diluents 
that make in vitro tests so attractive as a measure of the excellence or 
otherwise of new preservatives. The information obtained by the use 
of these tests, however, is so misleading, that a review of the mechanisms 
on which the tests are based seemed desirable, in order that their 
limitations might become more clear. 

In vitro tests depend primarily on changes occurring in blood cells 
during storage, delay in such changes being thought to indicate good 
survival. The changes themselves are of three main kinds: (1) Changes 
in cell composition due to altering physical equilibria. (2) Degeneration 
of the cell membrane. (3) Chemical degradation of organic cell 
constituents. 


Changes due to altering Physical Equilibria . 

(а) Changes in total cell base. 

(б) Immediate shrinkage or swelling depending on the tonicity of the 
added diluent, followed by gradual swelling in most cases [Maizels 
and Whittaker, 1940 6; Crosbie and Scarborough, 1941]. 

{ c ) Spontaneous hmmotysis. 

(d) Altered fragility [Bagdassarov, 1937; Maizels and Whittaker, 
1939; Bushby, Marriott, Kekwick, and Whitby, 1940; etc.]. 

(e) Increase of sodium [Jeannenay^, Servantie, and Ringenbach, 1930, 
Maizels and Whittaker, 1940 6], 

(/) Decrease in cell potassium [Duliere, 1931; Drew, Esdall. and 
Scudder, 1939; Downman, Oliver, and Young, 1940; etc.]. 

Degeneration of the Cell Membrane . 

(cz) Spontaneous limmolysis without cell swelling [Mollison and 
Young, 1942]. 

Chemical Degradation of Organic Cell Constituents . 

Changes in inorganic and hydrolysable phosphate have been studied. 

It is, perhaps, desirable at the outset to point out a serious error in 
the use of some of these tests: all those in the first group depend on 
qualitative or quantitative changes in cell base. But such in vdr° 
changes are reversible, and in fact chemically abnormal erythrocytes 
are completely “reconditioned” after transfusion [Maizels and Paterson, 
1940] This “reconditioning” process, which takes place in complete 
opposition to the concentration gradients, may be demonstrated by the 
following direct method: Group O blood is stored for a week and during 
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Table II. — Cell Volume in Citbate Solutions. 


I. 

II. 

Na citrate, 

Original 

Pinal 

Na citrate. 

Original 

Final 

g» per cent. 

volume. 

volume. 

g. per cent. 

volume. 

volume. 

4-2 


93 

4-2 


93 




3-36 

i 1 

96*2 

2*8 


98-5 

2-94 

1 

97-5 




2-52 

■ 

100*4 

2*1 


102-6 

2-10 


101*4 




1-68 

100 

104*5 


The exchange of Na and K across the erythrocyte membrane during 
storage has already been noted; as a result of citration and the con- 
sequent great increase in plasma sodium, Na gained by cells exceeds 
Iv lost and cell base (as represented by Na-fK) increases. These 
changes occur in all the solutions tested except Rous -Turner’s glucose 
and Wilbrandt's sucrose. In the former, the immediate effect of 
citration is to lower plasma sodium from about 145 m.eq, to roughly 
120 m.eq., and this results in a gradual decrease of cell base during 
storage. In the case of Wilbrandt’s solution, plasma Na is practically 
unaltered, but nevertheless a gradual fall of base occurs during storage. 

It will have been noted that in the present discussion the effect of 
g ucose or tonicity has not been considered. This is because glucose 
diffuses into erythrocytes fairly rapidly and the osmotic pressures which 
i exerts on either side of the cell membrane neutralize one another. 

Chemical and Physical Changes in Stored Blood . — The following tests 
*‘ere applied to erythrocytes after storage with the solutions described 
above: (1) Change of volume expressed as a percentage of the original 
volume (2) Potassium content. (3) Sodium content. (4) Total base 
(Aa+K) content. (5) Inorganic Phosphate. (6) Hydrolysable phos- 
p la e. (7) Median cell fragility. (8) Spontaneous haemolysis. 

Methods used are described in the appendix. 

Figures for the analyses of chemical constituents are referred to unit 
volume of original cells. Thus if a litre of cells containing 120 m.eq. 
total base swell to 1-2 litres and have a final content of 110 m.eq., then 
total base so far from having fallen has actually increased to 132 m.eq. 
and the actual amount of base in each individual cell has increased by 
10 per cent., although the concentration in the cell will have fallen. At 
present we are concerned with these absolute changes, so that if A is the 
original volume, B the final volume, and X the content of cells at 
equilibrium with citrated plasma, then BxX/A is the' value used. 
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(o) Weak acid: [Loutit, Mollison, and Young, 1943] Citric acid 
027 per cent, in Ha citrate 2*45 per cent, (acid about 0*04 H), 
5-1 c.c. 

(G) Strong acid: Ha Citrate 2*5 per cent, in HCi N/10, 5 c.c. 

(7) Weak acid glucose: [Loutit, Mollison, and Young, 1943] Citric 
acid 0*27 per cent., Glucose 2*7 per cent, in Na citrate 2*45 per 
cent., 5*1 c.c. 

(S) Strong acid glucose: Glucose 2*5 per cent., Ha citrate 2*5 per 
cent, in HCI N/10, 5 c.c. 

(9) Dextrin: Dextrin 16 per cent, in Ha Citrate 2*5 per cent., 5 c.c. 

(10) Sucrose: [Wilbrandt, 1940] Sucrose 8*8 per cent, in Ha citrate 
1*44 per cent., 21*3 c.c. 

Except in the case of the named solutions [Rous-Turnex, 1916; 
Wilbrandt, 1940] an effort has been made to achieve a solution of 
physiological tonicity with a fairly constant sodium content. According 
to Crossbie and Scarborough [1942] a solution of 3*1 per cent. Na citrate 
has the same osmotic pressure as blood and is, properly speaking, 
isotonic. These writers remark that in spite of being isotonic such a 
solution may yet produce changes in the volume of erythrocytes, and 
they follow Ponder [1934] in distinguishing between isotonic solutions 
of the same osmotic pressure and isoplethecontic solutions which though 
not necessarily isotonic still cause no change in cell volume when mixed 
with blood. These writers state correctly that there is no evidence 
that isoplethecontic solutions are superior to isotonic fluids, but in the 
absence of proof to the contrary the writer has preferred to use solutions 
which cause no apparent change in volume. In some earlier experi- 
ments [1939] Whittaker and the writer showed that when erythroc} T tes 
were mixed with one hundred volumes of various citrate solutions no 
change in volume occurred in the solution containing 2*1 per cent; Na 
citrate. In the present paper, however, it has seemed desirable to 
measure changes in cell volume of blood mixed with citrate in the 
proportions used in the ordinary citration of blood: 2 c.c. heparinised 
blood were centrifuged in each of a number of haemoglobin comparator 
tubes and the volumes of the packed ceils noted. To the tubes, 0*5 c.c. 
of citrate solutions of various strengths were added and mixed with the 
centrifuged blood. After five minutes the tubes were recentrifuged 
and the new volumes of cells read (Table II). From this Table it may 
be shown graphically that the concentration of citrate may be varied 
fairly widely under the conditions of experiment without effecting more 
than a small change in the cell volume, although a 2*5 per cent, solution 
appears to be that which causes no change in volume. 

Such a solution contains 254 m.eq. Ha and when mixed with normal 
blood in the usual proportions of one part to four wall raise the sodium 
content of the plasma phase from about 145 m.eq. to about ISO m.eq. 
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The in vitro rankings may he compared with the in vivo rankings 
supplied by Mollison and Young [1942] and Loutit, Mollison, and 
Young [1943]. 

Table IV. — Blood Pbesekvattves banked accobding to the Be stilts or jx 
yituo Tests at 1 and 4 Weeks, togetheh with the rx vivo Rankings or 
Loutit, Mollison, and Young. 


Solutions. 

§ 

a 

O . 

IT ^ 
£ -0 

r£ 0 

F 

£ 

o 

0 C 
tn £ 

* ^ 

•£ o 

B > 

© 

u 

o 

PH 

© o 
© o 
> > 

§ 

yj 

S3 

-w 

s 

IT 

© © 

O © 

£ £ 

| 

TO 

© © 

© © 

£ £ 
iH rf* 

1 week 1 Potassium + 

4 weeks i sodium. 

1 week \ Inorganic 

4 weeks / phosphato. 

1 week \ Hydrolysablo 

4 weeks / phosphato. 

I weok 1 Median cell 

4 weeks j fragility. 

1 week \ Spontaneous 

4 weeks i haemolysis. 

Rous -Turner glucose 

l 

9 5 

9 8 

2 1 

9 9 

1 1 

4 4 

7 2 

1 1 

Weak acid glucose * 

l 

5 5 

2 2 

3 4 

7 1 

! 5 4 

1 1 

5 2 

1 2 

Strong acid glucose 

* * 

8 7 

1 1 

1 2 

6 1 

8 4 

1 1 

9 9 

1 2 

Weak glucose 

3 

1 4 

4 3 

5 o 

1 3 

1 2 

4 4 

5 2 

1 5 

Medium glucose . 

3 

1 3 

4 3 

5 5 

1 3 

1 2 

4 4 

8 8 

1 5 

Weak acid * 


5 7 

2 3 

3 5 

1 3 

7 4 

1 3 

3 5 

1 7 

Dextrin 

5 

1 2 

4 3 

5 5 

1 7 

4 4 

7 7 

2 6 

7 2 

Sucrose (Wilbrandt) 

6 

7 1 

8 9 

5 2 

1 8 6 

9 9 

9 9 

1 1 

9 S 

Plain citrate 

7 

1” 

4 3 

| 5 9 

1 

I 1 ’ 

6 4 

8 8 

3 6 

8 8 


* Loutit, Mollison, and Young’s solutions [1943]. 


Results . — The following remarks apply to blood stored at 2°. In 
general, it will be seen that in vitro rankings do not correspond among 
themselves and that a single test may give different results according to 
the time which has elapsed before it is carried out. Further, although 
it might he thought that a solution which helped to maintain normal 
cell composition during storage would he most likely to ensure survival 
after transfusion, there is no complete correspondence between the in 
vivo and in vitro tests. The original views of the writer [1941 a\ and of 
Mollison and Young [1941: 1942] are thus confirmed. 

Percentage Volume . — There is a tendency for erythrocytes to swell 
during storage. For this reason, hypertonic solutions like Wilbrandt’s 
sucrose which cause initial shrinkage rank low at first and higher later 
on, while isotonic solutions which cause no initial change of volume 
lose rank as gradual swelling occurs during storage. Glucose inhibits 
swelling, while acid solutions cause a greater degree of swelling at first 
but subsequently delay it — probably owing to their limitation of cation 
exchange. In Rous-Turner’s solution also initial swelling is rapid but 
the rate slackens later. 
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Results obtained are shown in Table III which illustrates typical 
findings after one and two weeks’ storage. 


Table III. — Chemical and Physical Changes in Stored Erythrocytes. 


Solution. 

Days storage. 

eT-g 

£7 © 

2 © 
o u 

£ o 

^ p4 

1 - 1 

I 

■ 

Inorganic P, 
mg. per cont. 

o c 
~ o 
Ti ° 

* H 

0 * 
tj> 

>>£ 

w 

11 
n c 
o £ 

s 

5 

x a 

X fa 

O o 

z* 

S.i 

Si X 

o >■. 

C,^ 

® E 

6 

Original blood 

0 

100 

■ 

103-0 

12-2 

115 

1-6 

11-8 

0-38 

0 

Plain citrato . 

G 

J03 

69-6 

52-8 

1 *>o 

5-8 

8*1 

0-44 

0-3 

Weak glucose . 

G 

102 

GS-2 

51 -8 

120 

2-1 

8-9 

0-44 

0*1 

Medium glucoso 

6 

99 

64-9 

48-6 

113 

1*9 

10-5 

0-55 

0*1 

Bous -Tumor glucoso 

G 

110 

58-2 

33-G 

92 

2-3 

9’S 

0-55 

0 

Weak acid 

G 

10G 

75-2 

40-1 

115 

6-8 

9-3 

0-42 

0 ' 

Weak acid glucose * 

G 

106 

74-0 

40*0 

1H 

4-7 

9-7 

0-43 

0 

Strong acid 

G 

10S 

7S*1 

34-3 

112 

23-6 

10-3 

0-46 

0 

Strong acid glucoso . 

6 

1 111 

SG-1 

25-2 

111 

23-0 

11*2 

0-55 1 

0 

Sucrose -Wilbrandt . 

G 

S9 

47-2 

51-2 

98 

12-6 

5-4 

0-32 

0-0 

Dextrin , 

6 

9S 

63-6 

52-0 

116 

4-6 

9-7 

0-41 

0*1 

Plain citrato . 

12 

119 

50-0 

93-1 

149 

29-7 

4*8 

0-53 

1 0-5 

Weak glucoso . 

12 

107 

5G-2 

G9-2 

125 

5-1 

7-3 

0-4S 

0-2 

Medium glucoso 

12 

103 

56-2 

G5*0 

121 

5-1 

7*8 

0-60 

0-2 

Bous-Turner glucoso 

12 

100 

39-3 

43-2 

82 

5-4 

7*1 

0*55 

0*1 

Weak acid 

12 

111 

5S-8 

GO-O 

119 

26-9 

7-6 

0-46 

0*25 

Weak acid glucoso * 

12 

109 

Gl*8 

53-8 

116 

15*4 

9-1 

0-46 

0-15 

Strong acid 

12 

112 

G9-3 

45-1 

114 

33-2 

9-0 

. . 

0*2 

Strong acid glucoso . 

12 

115 

73-6 

40-2 

114 

26-4 

8*8 

. r 

0*15 

Sucrose-Wilbrandt . 

12 

93 

35*3 

GS-0 

103 

31*1 

5-2 

0-36 

0-75 

Dextrin . 

12 

10G 

52-1 

80-2 

132 

16*5 

4-9 

0-46 

0-2 


* Loutit, Mollison, and Young’s solutions [1943]- 


From the preceding and similar data it is possible to construct a 
table showing how the various properties of cells deviate from normal 
during storage and to arrange such deviations in order of magnitude. 
This has been done in Table IV, where the results of various tests have 
been ranked so that those which deviate least from the normal are 
ranked first and those which vaiy most are ranked last. Thus if the 
value in fresh cells is 100 and the least variations observed are 90 and 
111, then these are ranked first. If the next value is 120 then this will 
be ranked not second, but third. Unless the differences between the 
data are definite, they are ranked equal. 

In Table IV, then, the rankings of various tests are set out as they 
are found after roughly one and four weeks’ storage. They are derived 
from eight different experiments and although individual variations 
occur, the results are on the whole fairly consistent but do not necessarily 
correspond exactly with the data in Table III. 
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this dephosphorylation — air action demonstrated by Guest [1932] who 
summarises the work of earlier workers including that of Rona and 
Doblin [1911]. In the case of blood stored at 2° this effect of glucose 
is clearly seen [Maizels, 1941 6] and preliminary observations led to the 
belief that conservation of organic phosphate might parallel survival 
in vivo. It was, however, found that alkalis and fluoride which cause 
a notable inhibition of dephosphorylation both caused haemolysis 
during storage, while acids which accelerate dephosphorylation inhibit 
haemolysis in vitro [Maizels and Whittaker, 1940 b] and also in vivo 
[Loutifc, Mollison, and Young, 1943]. Apart, therefore, from shedding 
some light on cell metabolism during storage, estimation of phosphate 
has little bearing on problems of cell survival, though it is perhaps worthy 
of note that after one month’s storage very little organic phosphate 
remains in erythrocytes, whether glucose be present in the diluent or no. 

Hydrolysable Phosphate . — About one quarter of the total phosphate 
in fresh blood cells is easily hydrolysed by a few minutes boiling with 
normal acid. The residue is fairly resistant to acid hydrolysis. The 
word hydrolysable” does not imply that other phosphate is non- 
hydrolysable, but simply that it is much less easily hydrolysed by 
acids. 

During storage the hydrolysable moiety decreases, and after a month 
very little may be left at all. Its disappearance is delayed by glucose, 
and by acids — especially if glucose be present as well. Dextrin and 
sucrose do not delay the disappearance of hydrolysable phosphate and 
there seemed some grounds for hoping that the level of hydrolysable 
phosphate after a fortnight’s storage might parallel Mollison and Young’s 
in vivo findings. Nevertheless, complete agreement has not been found : 
alkaline glucose shows better survival of hydrolysable phosphate than 
neutral glucose citrate solution, although the latter exhibits much less 
haemolysis in vitro. Again, Rous-Turner’s solution preserves hydro- 
lysable phosphate less well than weak acid glucose and no better than 
ordinary glucose citrate, yet in vivo tests [Loutit, Mollison, and Young, 
1943] show that Rous-Turner is as good as weak acid glucose and 
definitely superior to ordinary glucose preservatives. 

It is at present true to say that solutions which do not favour cell 
survival are all associated with the rapid disappearance of hydrolysable 
phosphate from the cells with which they are mixed. But the reverse 
is not true, for in the case of alkaline glucose solutions which cause fair 
survival of hydrolysable phosphate, haemolysis in vitro is rapid. Further, 
I-here may well be substances whose preservative effects in other direc- 
tions far outweigh their inability to help in the maintenance of a high 
level of hydrolysable phosphate. 

Fragility . — In this test, erythrocytes are exposed to a large volume of 
hypotonic saline. Water can enter the cell so much more rapidly than 
most osmotically active substances within them can leave, that osmotic 
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Table V . — Percentage Sweeping of Erythrocytes in Preservative 

Solutions. 


Solution. 

Percentage swelling at 

1 week. 

4 weeks. 

Plain citrate ....... 

Weak glucose ....... 

Rous-Tumer ....... 

Weak acid glucose (Loutifc, Mollison, and Young) . 
Wilbrandt’s sucrose ...... 

102-100 
100-104 
i 104-110 
104-108 
88-94 

125-132 

118-126 

117-125 

120-125 

91-96 


Potassium . — The K content of cells in fresh blood is high, while in 
plasma it is low, hence during storage K flows from the former to the 
latter. Glucose has little or no effect in preventing this loss of K, bat 
acids definitely delay it. The loss may be hastened by increasing the 
volume of the extra-cellular phase as with Rous-Turner’s or Wilbrandt s 
solutions, when cell K quickly falls to a very low level. 

Sodium . — Tn fresh blood, Na is much lower in cells than in plasma, 
but during storage an inflow of sodium occurs and cell Na shows a 
marked increase. This increase is smaller with diluents like Rous- 
Turner's and Wilbrandts which are themselves poor in Na. With 
diluents containing the same ISTa contents, glucose checks the entry oi 
Na into erythrocytes and acids have an even more marked effect, 
especially if glucose be present as well. 

Sodium + Potassium . — The base of cells from fresh uncitrated blood 
is in equilibrium with base in the plasma. Citration with most diluents 
(including that recommended by the Medical Research Council, 1940) 
increases the base content of the extra-cellular phase from about 150 to 
185 m.eq., the change being due to a rise of Na from about 145 to 130 
m.eq. Tor this reason cell base will also usually increase and although 
cell K falls and ISTa rises, the rise generally exceeds the fall and the value 
of Na + It in the cells increases. This increase is very small during the 
first week of storage, but is definite after two weeks. It is delayed by 
glucose and especially by acids. Acids, indeed, may cause a slight 
Tnitial decrease wdiiek is, however, not maintained* It is this gradual 
increase in Na+K occurring with most diluents which explains the 
swelling of cells during storage and which is partly responsible for their 
increased fragility . After one month’s storage Na + K may increase by 
more than 20 per cent., and at two months by more than 30 per cent. 
In the case of Rous-Tnrner’s solution with its low Na content, however, 
the value of Na + K in cells falls and a similar but slighter fall occurs 

with Wilbrandt’s solution. . _ , 

Inoraanio Phosphate .— During storage, organic phosphate is con- 
verted into inorganic phosphate. It is well known that glucose delays 
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appears to be the more important, for in these fragility is often relatively 
increased. 

In the case of Rous-Turner’s solution there is a marked initial 
increase in fragility, which is doubtless due to the large amount of glucose 
which the cells take up and which would be more marked were it not 
for the loss of cell base which this solution induces. During later weeks 
of storage, cell base continues to fall and though fragility does not 
decrease correspondingly, increase, if it occurs, is less rapid than is 
found with most other solutions. 

Wilbrandt’s solution resembles Rous-Turner’s in that it also causes a 
decrease in cell base, but it differs in that the sucrose it contains, unlike 
glucose, diffuses into erythrocytes slowly or not at all. For this reason 
the fragility of cells stored with Wilbrandt’s solution may be less than 
that of the fresh original unstored cells— an observation previously 
made by Mollison and Young [1941; 1942]. 

Prom the preceding remarks and from the data in Table XV, it will 
be evident that fragility has little bearing on the ability of cells to survive 
after transfusion; and this is to be expected since fragility is merely a 
measure of osmotically active material within the cells. Mollison and 
Young [1942] have proposed to remove one misleading factor from the 
test by soaking the glucose out of stored cells with normal plasma, 
before the actual test is done. They suggest that it may be “possible 
that changes in osmotic fragility which cannot be reversed in vitro are 
correlated with impaired in vivo survival/ ” It is almost certain that 
this will not be the case, since the modified test proposed is merely 
equivalent to measuring the total base in stored cells. Table IV shows 
that the maintenance of a relatively unaltered cell base is not correlated 
with the data for in vivo survival which these writers supply. 

The fragility test has always been popular with investigators of the 
properties of stored blood. Earlier comments made by the writer 
[1941 a] would still seem to be valid: “This is by far the most misleading 
of all tests. The investigator removes the cells from the plasma with 
which they are in equilibrium and places them in a standard salt solution. 
If haemolysis occurs he says that the cells have stood storage badly, 
and this in spite of the fact that cells with high salt contents are known 
to be reconditioned after transfusion. He obtains an absolute measure- 
ment of the salt content (or better, osmotically active content) of cells 
unrelated to the fluid with which they were stored. This test makes a 
solution containing glucose- citrate appear little better than simple 
citrate when in fact it is much superior.” As a corollary of what has 
already been said, it may be added that the fragility test favours all 
diluents which have a low total base and glucose content. For cells 
stored with such diluents, themselves become poor in osmotically active 
constituents and correspondingly resistant to haemolysis by hypotonic 
salt solutions, even though the diluent itself may cause definite haemolysis 
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equilibrium is, in the first case, established almost entirely by the 
exchange of Avater. This entails a rapid swelling of the cell, and if the 
external saline is sufficiently dilute a certain critical A r alue (equivalent 
to an increase in size of about 50 per cent.) is exceeded and haemolysis 
begins. At this point, a further small increase in the dilution of the 
external salt solution causes a marked increase in haemolysis. A curve 
may be plotted of the percentage haemolysis against the external salt 
content. The curve is sigmoid and rises sharply from the point where 
haemolysis begins to the point where it is nearly complete. From the 
curve, that strength of salt solution which causes exactly 50 per cent, 
haemolysis may be read. This is the median cell fragility of Dacie and 
Vaughan [1938] and it is a rough epitome of the fragility curve. 

If the amount of osmotically active material in erythrocytes is 
increased, relatively more water is attracted to the cell so that a less 
dilute salt solution causes haemolysis and the fragility of the cells appears 
to be increased. This is what occurs in stored blood where a small 
increase in total cell base during the first feAv days of storage is associated 
Avitli an increase in fragility (Table III), an increase which may be greater 
than the change in cell base Avould appear to warrant and which may be 
due in part to mechanical trauma of stored cells by manipulations 
incidental to the test. During subsequent weeks, however, the increase 


in cell base and in fragility is A r ery definite. 

In the case of blood stored with solutions containing glucose, the 
sugar enters the cells and attains equilibrium in a few hours [Klinghoffer, 
1940; Maizels, 1941 6], In this Avay, osmotically active material 
Avithin the erythrocytes is increased and, since glucose diffuses outwards 
more slowly than water can diffuse inwards, it tends to promote 
haemolysis when the cells are subsequently exposed to hypotonic salt 
solutions. Tor this reason, during the first week of storage, the fragility 
of cells stored with glucose citrate solution may be greater than that oi 
cells stored with simple citrate. During the second and third week of 
storage, however, it is probable that the extra amount of sodium taken 
up by cells stored Avithout glucose, and possibly the excess of inorganic 
phosphate liberated in them, exert an osmotic pressure far greater than 
that of the glucose taken up by cells in glucose citrate systems, for after 
prolonged storage the fragility of cells stored in simple citrate solution 
is much greater than when glucose citrate is used. 

Acid solutions on the whole delay increase in fragility. The buffered 


cells remain acid eA^en when mixed with a large volume of hypotonic 
saline and their hemoglobin will be closer to the isoelectric point. As a 
result, less cell base will combine with hemoglobin and more will 
combine with smaller and more osmotically active anions attracted 
from the external phase. These changes will tend to increase fragility, 
but they are counterbalanced by the relatively low total cell base found 
in weak acid systems. But in strong acid systems the first factor 
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the same series. If this is done the variance is decreased — except in 
the case of sucrose systems (Table VII). 


Table VH.— Ratio or Haemolysis observed with various Diluents to 
Hjemoeysis* observed in SniriiE Citrate Systems. 


Solution. 

2 weeks— 

-11 series. 

4 weeks- 

— 0 series. 

Mean. 

Variance. 

Mean. 

'Variance. 

Plain citrate 

1 

i0 

i 

iO 

Weak glucose 

0-44 

±0*16 

0-41 

± 0*12 

Medium glucose . 

0-44 ! 

± 0*17 ! 

0-37 

±012 

Dextrin 

0«4S i 

x 0*14 i 

0-36 

± 0*15 

Sucrose 

1*5 

± 0*9 

0-9 

± 0*24 


The actual findings differ somewhat from those of Mollison and 
Young [19^2]. According to these authors, sucrose and dextrin have a 
similar inhibitory effect, both being associated with less hemolysis than 
are simple citrate solutions. Tables VI and VII, however, suggest that 
sucrose is associated with more haemolysis than simple citrate solution, 
while the inhibitory effect of dextrin is as great as that of glucose itself. 
Mollison and Young [1942] also remark that increase of glucose in 
citrated blood is associated with better preservation in vitro , though not 
with longer survival in vivo . In Tables VI and VII, however, the effect 
on haemolysis of increasing the glucose content of citrated blood from 
0*o to 2 per cent, is insignificant and, except in the case of dextrin 
solution, the correspondence between spontaneous haemolysis and 
survival in vivo is close. 

In spite of divergent findings, however, Mollison and Young [1942] 
confirm the writer’s view [1941 a] that spontaneous haemolysis may give 
results which do not accord with the findings in vivo. Thus in one of 
m y cases, blood stored for three weeks with dextrin solution showed 
practically no keamolysis, yet after transfusion, erythrocytes disappeared 
from the recipient’s circulation within forty-eight hours. Apart from 
this single exception, haemolysis of bloods mixed with various diluents 
gives a series which corresponds very well with Mollison and Young’s 
tn v ^ vo rankings: the superior qualities of Rous-Turner’s and of the 
weak acid glucose solution are exactly paralleled by the slightness of 
haemolysis which these solutions cause during storage. Rut in spite of 
this, the existence of known exceptions and the possible existence of 
others unknown, deprive this test of much of its positive value. It has, 
however, a definite negative value in that an anticoagulant solution 
causing much haemolysis is probably valueless. It is suggested as a 

rough working rule that any new preservative should give less than 
VOL. XXXII, NO. 2. — 1943. 10 
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in the stored sample. It is therefore thought that the fragility test 
should no longer be used to measure the value of a diluent as an aid in 
the preservation of blood. 

Spontaneous Hcemolysis. — This test involves the accurate measure 
of the percentage of cells limmolysed during storage. Maizels and 
Whittaker expressed the view in a previous paper [1940 a] that spon- 
taneous haemolysis was mainly osmotic and that when during storage 
cells had swelled to a certain critical value (about 50 per cent, greater 
than their original volume) rupture occurred through a process identical 
with that found in haemolysis by hypotonic salines. It was thought that 
actual degeneration of the erythrocyte membrane might also play a 
part but that its influence was subsidiar 3 r . Mollison and Young [1942], 
however, from their observations of * cell swelling and haemolysis con- 
cluded that osmosis was subsidiary and that cell degeneration was the 
main factor. Their view is supported by data in Table III, where 
slight haemolysis occurs though cells have only swollen by about 10 per 
cent, and where in some cases after a month’s storage haemolysis was 
marked although increase in volume was less than 35 per cent. 

The data for spontaneous hcemolysis at 2, 4, and 8 weeks is shown 
in Table VI and also the wide variations due to individual peculiarities 


Table VI.- — Percentage of Spontaneous Hjemolysis after Storage. 


Solution. 

2 weeks 

(11 observations). 

4 weeks 

(8 observations). 

8 weeks 

(2 observations). 

Mean. 

Variance. 

Mean. 

Variance. 

a. 

6. 

Plain citrate . 

0-7 

± 0*39 

3-3 

± 1*6 

4*2 

12-2 

Weak glucose 

0-27 

± 0-14 

1*4 

rr 0*75 

3*2 


Medium glucose 

0*28 

± 0-20 

1*2 


2*2 


Dextrin 

0-31 

±0-18 

1*1 


0*8 

2*1 

Sucrose . 

0-78 

± 0-28 

2*S 

± 1*0 

6-0 

14-6 


in different specimens of blood. Mollison and Young [1941] noted 
similar wide variations in spite of pooling two or more bloods of identical 

age * , r 

The findings show the necessity of carrying out large series oi 
observations if different specimens of blood are used and illustrate the 
advantages of testing out diluents on different samples of the same 
blood wherever possible. Thus, in Table VI at two weeks there are 
eleven different bloods, each divided into five samples and mixed with 
different diluents. The five samples constitute one series, where the 
percentage of haemolysis with any particular diluent may be expressed 
as a ratio of the haemolysis observed in the simple citrate system of 
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stability of the cell surface or they might act indirectly by decreasing 
the activity of lysins. In connection with the latter possibility it is of 
interest to consider the effects of pH on lysis due to other agents* 

Saponin hremolysis is increased by acids and decreased by alkalis 
[Bodansky, 1929], while with complement, lytic action is greatest 
between pH 7 and 8, decreasing fairly sharply outside these limits 
[Osborn, 1934]. In the case of soaps, lysolipins, and venoms (which 
liberate lysolecithin when added to plasma) lysis is inhibited by acids 
and accelerated by alkalis, the effects within certain small ranges of 
pH being very marked. Some of these effects are shown in Table VIII 
together with the effects of pH on haemolysis during storage. 

Table VHI. — pH and the Action of Vabious Hemolysins, 


Lysin added. 

Substrate. 

Duration 
of action. 

Tem- 

perature. 

Per cent, cells htcmolysed 
at various pH (initial 
value), 




6-5. 

D 

7*5. 



8. 

None . 

Blood (80 per 
cent.) 

14 days 

M 

0 

0-24 

0-30 

2*8 

None . . . 

Blood (7 per 
cent.) 

1 day 


0 

0-8 

2-8 

6-0 

Cobra venom. 

Blood (7 per 
cent.) 

1 day 


8 

23 

45 

73 

Na Oleate (0-0025 
per cent.) 

Erythrocytes 
(0-5 per cent.) 

J hr. 


4 

27 

85 

85 

No palmitate (0-015 
per cent.) 

Erythrocytes 
(0-5 per cent.) 

4 hr. 


10 

12 

3G 

90 

Saponin (0-00003 per 
cent.) 

Erythrocytes 
(0*5 per cent.) 

4 hr. 


27 

15 

13 

11 


It will be seen that in the case of cobra venom, which converts the 
lipins of plasma into lysolipins, the inhibitory effects of a slight fall in 
pH is qualitatively comparable to the inhibition of storage haemolysis 
by acids — a finding which might be expected from the work of Singer 
[1941] who has shown that after several hours incubation at 37° a 
substance appears in plasma which may be extracted by methods 
appropriate to the isolation of lysolecithin and which resembles lyso- 
lecithin in its haemolytic action on erythrocytes. It might therefore be 
thought that hsemolysis in blood stored at 2° is due to a more gradual 
production of lysolecithin at low temperatures. Lloyd [1941] has 
shown, however, that hsemolysis may occur in stored blood, even though 
little lysolecithin be present. Two other possibilities remain: 
l&molysis in stored blood might be due to an accumulation of soaps, 
whose lytic action is also inhibited by acids (Table VIII), or it may be 
ue to a direct loss in stability of the elements of the cell surface — a loss 
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half the' amount of haemolysis observed with plain citrate solution before 
it is considered 'worthy of further trial. It is also possible that estima- 
tion of hydrolysable phosphate ma}' have a similar negative value and 
that diluents associated with the rapid disappearance of hj'drotysable 
phosphate are unserviceable. This rule would exclude polysaccharides 
which delay hsemotysis in vitro but do not favour survival after 
transfusion. 

On the whole, however, changes in internal cell chemistry seem to 
have little bearing on survival during storage and in the circulating 
blood, and it would seem possible that factors acting on the cell surface 
may be more important. 

pH and 1 Haemolysis. 

Mollison and Young [1942] remark: “Tahraeus [1939] has claimed 
that when erythrocytes lose contact with plasma, lysolecithin is formed 
and the erjfflirocytes become spherocytic and are then, according to 
him, half-way to hmmotysis. The development of fysolecithin can he 
prevented by keeping cells and plasma in contact. . . To prevent 
settling of cells Mollison and Young inverted and mixed blood at intervals 
during storage but found no improved survival after transfusion. 
According to Singer [1941], however, lysins developed during storage 
are probably different from physiological lysins acting in vivo , and m 
this case the mixing technique of Mollison and Young would tend to 
decrease haemolysis during storage without ne cess aril} 7 affecting surviva 
in vivo . Moreover, it is possible that repeated mixings, however gentle, 
may damage the erythrocytes and so obscure any beneficial effects 
exerted by the mixing process. On the other hand, if continue 
suspension were effected by means other than mixing, then surviva 
might be improved. This may be one of the factors in the superior 
preservation afforded by Rous-Turner’s solution where sedimentation 
of cells is relatively slow, and where after six days’ storage centrifuging 
still removes a high proportion of residual plasma from the settled ce 
mass — 25 per cent, of the cell sediment, compared with only 13 per cent, 
in the sediment from ordinary weak glucose citrate systems. Never- 
theless, increase in intercellular plasma is not the only factor concerned 
in preservation by Rous-Turner’s solution, for Mollison and Young 
[1942] have shown that if a large volume of glucose-free diluent is added 
to blood, preservation is poor, though here also sedimentation is 
relatively slow. . . 

In the case of acid glucose systems, jrrevention of “packing* 1S 
slight, residual plasma constituting 16 per cent, of the sediment compared 
with 13 per cent, in non-acid sj^stems. It is therefore necessary to look 
elsewhere for an explanation of the inhibition by acid diluents of the 
haemolysis due to storage [Jeanneney and Servantie, 1939; Maizels and 
Whittaker, 1940 5], Thus, acids might act directly by increasing the 
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stability of the cell surface or they might act indirectly by decreasing 
the activity of lysins. In connection with the latter possibility it is of 
interest to consider the effects of pH on lysis due to other agents. 

Saponin haemolysis is increased by acids and decreased by alkalis 
[Bodansky, 1929], while with complement, lytic action is greatest 
between pH 7 and S, decreasing fairly sharply outside these limits 
[Osborn, 1934], In the case of soaps, lysolipins, and venoms (which 
liberate lysolecithin when added to plasma) lysis is inhibited by acids 
and accelerated by alkalis, the effects within certain small ranges of 
pH being very marked. Some of these effects are shown in Table VIII 
together with the effects of pH on lioemolysis during storage. 


Table VHL — pH and the Action of Various Hemolysins. 


Lysin added. 

Substrate. 

Duration 
o£ action. 

Tem- 

perature. 

Por cent, cells hfemolysed 
at various pH (initial 
value). 



6*5. 

7. 

7*5. 

S. 

Vone . 

Blood (80 per 
cent.) 

14 days 

2° 

0 

0*24 

0*36 

2*8 

Vone . , . ! 

Blood (7 por 
cent.) 

1 day 

16° 

0 

0*8 

2*8 

6*0 

Cobra venom. 

Blood (7 per 
cent.) 

1 day 

10° 

S 

23 

45 

73 

Va Oleato (0*0025 
per cent.) 

Erythrocytes 
(0*5 per cent.) 

1 hr. 

16° 

4 

27 

85 

85 

Vo palmitate (0*015 
per cent.) 

Erytlirocytes 
(0*5 per cent.) 

4 hr. 

16° 

10 

12 

30 

90 

Saponin (0*00003 por 
cent.) 

Erythrocytes 
(0*5 per cent.) 

i hr. 

10° 

27 

15 

13 

11 


It will be seen that in the case of cobra venom, which converts the 
lipins of plasma into lysolipins, the inhibitory effects of a slight fall in 
pH is qualitatively comparable to the inhibition of storage haemolysis 
by acids — a finding which might be expected from the work of Singer 
[1941] who has shown that after several hours incubation at 37° a 
substance appears in plasma which may be extracted by methods 
appropriate to the isolation of lysolecithin and which resembles lyso- 
lecithin in its haemolytic action on erythrocytes. It might therefore be 
thought that haemolysis in blood stored at 2° is due to a more gradual 
production of lysolecithin at low temperatures. Lloyd [1941] has 
shown, however, that haemolysis may occur in stored blood, even though 
very little lysolecithin be present. Two other possibilities remain: 
haemolysis in stored blood might be due to an accumulation of soaps, 
whose lytic action is also inhibited by acids (Table VIII), or it may be 
due to a direct loss in stability of the elements of the cell surface — a loss 
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which might he delayed by a slight fall in pH. In the latter case the 
similarity of pH effects on liamiolysis due to storage and on lysis by 
derivatives of the higher fatty acids would be fortuitous. 

Inhibition of lysis by acids would also help to explain the preserving 
action of glucose which produces an acid reaction in stored blood (cf. 
Tables XIII and XIV). But here the explanation is quite incomplete, 
for simple acidification in the absence of glucose does not preserve 
blood as well as if glucose be present. It ma 3 y be remarked that glucose 
has no inhibitory action on such lysins as lysolecithin and soaps, and it 
would seem probable that the action of glucose in preventing haemolysis 
is not due to its effects on pH alone but to some additional factor, 
possibly of a nutritional nature. 


PART II. 

Chemical and Physical Changes in Stoked Blood at 2°. 

The changes about to be described always occur in one form or 
another whenever blood is stored, and for this reason the simplest 
system investigated, that of blood kept with plain citrate solution, will 
be considered more fully. 

Simple. Citrate Solution . — Changes of blood stored with simple citrate 
solution are produced by four main factors: (1) Loss of apparent- 
impermeability of cation. (2) The addition of a relatively large amount 
of non-penetrating anion — citrate — to the medium external to the cell. 
(3) Alterations in cell metabolism. Of these, changes in the phosphate 
cycle have been selected for study. (4) Chemical disintegration or loss 
of physical stability of the cell membrane. 

The distribution of ions in circulating and shed blood is shown in 
Table VIII, where ions present in small amounts are placed in round 
brackets. 

It will be noted that in the circulating blood, sodium and potassium 
are described as non-penetrating ions, although it has already been 
shown that in life cations exchange readily across the cell membrane. 
However, cations in cell and plasma are set at a fairly constant level 
which the base exchanges merely serve to maintain. The same is true 
of organic phosphate in the erythrocytes: this increases in alkalosis, 
decreases in acidosis [Haldane, Wigglesworth, and Woodrow, 1924; 
Rapoport, 1937], but remains fairly constant under normal conditions. 
It must be presumed that these substances along with hsemoglobin and 
plasma protein act in the intact circulation as non-penetrating ions in 
relation to which the penetrating ions are distributed. 

Since, then, erythrocytes while containing roughly the same amount 
of non-penetrating cation as plasma, have a large excess of non- 
penetrating anion (Hb“, phosphate", etc.), the distribution of penetrating 
ions should accord with the Donnan equation. Owing to the complexity 
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Table IX. — Partition of Ions in Bloob. 



Cells. 

Plasma. 

Partition of Ions in Circulating Blood. 

•4mon penetration — 



rapid 

Cl - , HC(V, OH - 

Cl - , HCO a “, oh- 

absent 

Hb - , Organic phosphate - 

Pro torn - , (Inorganic phos- 
phate - ) 

Cation penetration — 



rapid 

H + 

H + 

absent 

(Na + )» X* 

Xab (K + ) 


Partition of Ions in Shed Blood at 2°. 

Anion penetration — 



rapid 

Cl", hco 3 - , oh- 

Cl - , HCO a ~ OH- 

slow 


(Inorganic phosphate - ) 

very slow . 


Citrate - 

extremely slow . 

Organic and inorganic phos- 
phate" 


absent 

Hb - 

Protein - 

Cation penetration — 



rapid 

H + 

H + 

slow . 

i 

Na+, K + 

Na+, K+ 


of the system, however, quantitative agreement is not close [Van Slyke, 
Wu, and McLean, 1923], but qualitative agreement exists, for in freshly 
drawn blood erythrocytes have in fact a lower concentration of Cl" and 
HC0 3 “ than the plasma and are also more acid. 

Partition of Ions in Shed Blood. — In the scheme presented above, 
ions have been graded according to their rates of penetration. The 
speed with which Cl" and HCO s ~ penetrate is evidenced by the findings 
of the ordinary respiratory cycle [Henderson, 1928]. The grading of 
the other speeds of penetration may be derived from Table X. The 
differences between columns 2 and 3 give the concentration gradients, 
while columns 4, 5, and 6 record the absolute gains or losses of the 
substances considered after 1, 2, and 4 weeks’ storage. 

In shed blood, then, ions acquire new and different rates of penetra- 
tion and their consequent distribution is complex and unstable. It is 
probably simplest to regard the more penetrating ions as penetrating 
and all relatively slowly moving ions as non-penetrating. Changes 
uring storage may then be divided into four stages: Stage (1), re- 
distribution of H + , OH", Cl", HC0 3 " and water, while IC+, Na + , Hb", 
plasma protein - , organic and inorganic phosphate and citrate - all act 
as non-penetrating ions. Stage (2), Na+ and K+ which penetrate 
slowly , redistribute in relation to ions which compared to them penetrate 
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Table X. — Plasma -cell Concentration Gradients and Absolute Changes 
in the Contents of Cell Constituents during Storage at 2°. 



Initial concentrations 
per litre of water in 



Absolute changes in contents per 
litre of original cell at 

Citrated 

plasma. 

Cells. 

1 week. 

2 weeks. 

4 weeks. 

Na m.eq. 

1SS 

17 

+ 40 

+ 81 

+ 104 

K m.eq. 

3 

146 

~33 

-47 

- 55 

Citrate m.eq. . 

ss 

0 


+ 5-5 

+ 12-5 

Total phosphate mM 

1 

25 

0 

“ 0-5 

- 1 


slowly or not at all — citrate - , phosphate - , Hb - and plasma protein*'. 
These changes in cation distribution are accompanied by a secondary 
redistribution of H + , OH - , CI“, HC0 3 “ and water. Stage (3), a very 
slow redistribution of citrate occurs governed by Hb~, plasma protein", 
and the almost immobile organic and inorganic phosphate - , and 
accompanied by a redistribution of ions more mobile than citrate" 
itself. Stage (4), an extremely slow redistribution of organic and 
inorganic phosphate - , conditioned by the completely^ non-penetrating 
haemoglobin- and plasma protein - . These changes are, of course, 
continuous and overlapping: stage 2 overlaps stage 3, while before 
stage 3 is far advanced and while stage 4 has hardly begun, haemolysis 
cuts short further observations. 

Stage 1, — This is a very short stage in which H + , OH - , Cl~, and HCO-f 
are regarded as penetrating ions, while all other ions may he considered 
as non-penetrating. It has already been seen that erythrocytes in 
freshly drawn blood contain a large excess of non-penetrating anion 
haemoglobin - and phosphate - . On citration a large amount of non- 
penetrating anion, citrate - , and an equivalent amount of non-penetrating 
cation, sodium*, are added to the plasma so that the original relative 
excess of non-penetrating anion in the erythrocytes remains undisturbed. 

But citration introduces other factors: Na citrate is alkaline and 
will tend to raise the pH of blood with which it is mixed. This will 
cause water and Cl - to flow from cells to plasma, but as citrate is almost 
unbuffered at blood pH, changes of reaction in cells and plasma and 
chloride and water shifts will be extremely small. Then, too, since 
chloride ions in cells and plasma were originally in equilibrium, dilution 
of chloride in the external phase by water added along with the citrate 
will cause a passage of chloride from cells to plasma, and since the 
chloride ion cannot move unaccompanied and since K and Na cannot 
penetrate the cell membrane, Cl - will move in company with H+. I n 
this way HC1 will leave the cells which will become relatively more 
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alkaline, while the plasma becomes relative^ more acid. The process 
involves an hydrolysis of neutral salts and only proceeds to a very 
limited extent, so that passage of water and chloride from cells to plasma 
due to both of the two preceding causes will be very small. 

Actually citration causes a loss of about 2 m.eq. chloride from 
erythrocytes and about 1 m.eq. of this is due to dilution of chloride 
in the intercellular plasma by citration, while part of the fall may be 
due to the change in pH and to dilution of the external phase. 

Stage 2. — H x , K + , Na+, 0H“, Cl”, and HC0 3 ” considered as pene- 
trating ions; citrate - , phosphate”, Hb~, and plasma protein” considered 
as non-penetrating. In this stage the content of cell K falls owing to 
the low external concentration of potassium, cell Na rises because of 
the high external concentration of sodium, while the content of Na -f K 
increases. At the same time water enters the cell which swells and as 
a result of the combined changes the concentration of Na + K in the 
cells during storage is but little altered. 

In these changes the chief factors are increase of sodium and the 
non-penetrating anion citrate in the plasma phase. It has already been 
noted that citration increases the sodium content of plasma from about 
145 to 180 m.eq., so that total base as represented by Na 4* K rises from 
about 150 to 185 m.eq. and the base concentration in a plasma con- 
taining 93 per cent, of water rises from 160 m.eq. to 195 m.eq. in a 
citrated plasma containing 95 per cent, water. It might be thought 
that this increase of external base concentration would be accompanied 
by an increase in the concentration of cell base. But although the 
content of cell base increases, the concentration does not rise. The 
reason for this will be discussed later. 

The effect of citration in raising the content of non-penetrating 
anion in the plasma is shown in Table XI, where it is assumed that 
non -penetrating anions in cells (hemoglobin - , phosphate - , etc.) and 
in the plasma (protein”, etc.) equal K + -f Na+ - Cl” - HC0 3 - . All values 
are experimental except that for cell HC0 3 , which is calculated from 
the equation [HC0 3 ] cells = [HC0 3 ] plasma x [Cl] cells/0* 8 x [Cl] plasma 
[Van Slyke,- Wu, and McLean, 1923]. 

The values for non-penetrating anions in the previous table are 
based on several assumptions and are approximate, but the magnitude 
of the changes make it clear that the normal relative lack of non- 
penetrating anion in the plasma of uncitrated blood is replaced by a 
relative excess after citration. This change-over must, in accordance 
with the Donnan equation produce the following alteration: the con- 
centration of base (greater in the cells of uncitrated blood) will become 
greater in the plasma of citrated blood. At the same time, as equi- 
librium is approached the cells tend to become less acid than the plasma, 
instead of being more acid as in fresh uncitrated blood. Finally, the 
concentration of penetrating anion, Cl” and HC0 3 - originally greater 



1G0 


Maizels 


Table X. — Plasma-cell Concentration Gradients and Absolute Changes 
in the Contents of Cell Constituents during Storage at 2 3 . 



Initial concentrations 
per litre of water in 

Absolute changes in contents per 
litre of original cell at 

Citrated 

plasma. 

Cells. 

1 week. 

2 weeks. 

4 weeks. 

1 

Xa m.eq. 

188 


+ 40 

+ SI 

+ 104 

K m.eq. 

3 


-33 

-47 

- 55 

Citrate m.eq. . 

8S 

0 


+ 5-5 

+ 12*5 

Total phosphate mM 

1 

25 

*0 

- 0-5 

- 1 

I 


slowly or not at all — citrate - , phosphate”', Hb - and plasma protein”. 
These changes in cation distribution are accompanied by a secondary 
redistribution of B>, OH - , Cl - , HC0 3 - and water. Stage (3), a very 
slow redistribution of citrate occurs governed by Hb - , plasma protein", 
and the almost immobile organic and inorganic phosphate - ", and 
accompanied by a redistribution of ions more mobile than citrate 
itself. Stage (4), an extremely slow redistribution of organic and 
inorganic phosphate - , conditioned by the completely non-penetrating 
haemoglobin - and plasma protein - . These changes are, of course, 
continuous and overlapping: stage 2 overlaps stage 3, while before 
stage 3 is far advanced and while stage 4 has hardly begun, haemolysis 
cuts short further observations. 

Stage 1. — This is a very short stage in which H^, OH“, Cl~, and HC0 3 
are regarded as penetrating ions, while all other ions may be considered 
as non-penetrating. It has already been seen that erythrocytes m 
freshly drawn blood contain a large excess of non-penetrating anion— 
haemoglobin - and phosphate - . On citration a large amount of non- 
penetrating anion, citrate - , and an equivalent amount of non-penetrating 
cation, sodium 4- , are added to the plasma so that the original relative 
excess of non-penetrating anion in the erythrocytes remains undisturbed. 

But citration introduces other factors: Na citrate is alkaline and 
will tend to raise the pH of blood with which it is mixed. This vrill 
cause water and Cl - to flow from cells to plasma, but as citrate is almost 
unbuffered at blood pH, changes of reaction in cells and plasma and 
chloride and water shifts will be extremely small. Then, too, since 
chloride ions in cells and plasma were originally in equilibrium, dilution 
of chloride in the external phase by water added along with the citrate 
■will cause a. passage of chloride from cells to plasma, and since the 
chloride ion cannot move unaccompanied and since K and Na cannot 
penetrate the cell membrane, Cl - will move in company with H + . 
this' way HC1 will leave the cells which will become relatively more 
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Table XIII.— Concentration of Iv and Na in Cells and Plasma of Blood 
Stored with Plain Citrate Solution at 2° (pH Readings at 17°). 



Colls. 

Plasma. 

pH. 

K 

m.eq. 

Na 

m.eq. 

Na+IC 

m.eq. 

pH. 

K 

m.eq. 

Na 

m.eq. 

Na+K 

m.eq. 

Fresh uncitrate d blood 


146 

17 

163 


4*5 

154 

15S-5 

Fresh citrated blood 

7*54 

146 

17 

163 

7*57 

3 

189 

192 

Citrated blood at 1 week . 

7*36 

94 

71 

165 

7*37 

25 

166 

191 

„ „ „ 2 weeks 


62 

104 

166 

. . 

38 

156 

194 

>> 4 

7*15 

46 

114 

160 

7-09 ! 

49 1 

152 

201 

» !! ” 8 ” 


42 

124 

166 


53 

146 

199 


Table XIII shows that cells originally more acid than plasma 
gradually become relatively less acid — although the acidity of both 
phases actually increases. It also shows that citration increases plasma 
base to a concentration which is maintained at a fairly constant level 
during two months’ storage. 

During the first two weeks of storage, the concentration of cell K 
gradually falls but still remains greater than the concentration of 
plasma K. The figures suggest that sometime in the second month of 
storage cell K falls below plasma K and that cation equilibrium is 
approached, when according to the Donnan equation 

[K] cell/[K] plasma ~[Na] cell/[Na] plasma = [K + Na] cell/[K + Na] plasma. 

The observed ratios are 0*8, 0*85, and 0-83. The agreement is sufficiently 
close in view of all the experimental errors and of the possibility that 
the activities of Na and K are not necessarily the same in either cell or 
plasma. 

Since during storage, the concentrations of base alters but little, it 
may seem paradoxical that both water and base should continue to 
enter the cells in increasing quantities. But this process is a direct 
result of citration which suddenly raises Na and hence total base in 
the plasma and at the same time adds a large amount of non-penetrating 
anion — citrate — to the extra-cellular phase. The resulting Donnan 
equilibrium requires that an excess of base remain in the citrated 
plasma, while an excess of penetrating anion be turned over to the 
cells, and that all this should take place without disturbing the osmotic 
equilibrium. The requirements can only be satisfied by the passage 
of water and anion, and of base in relatively low concentration from 
plasma to cell. Theoretically, it should be possible to calculate the 
equilibrium values for cell and plasma base, acid and water from the 
analyses of fresh blood, but this would involve the following approxi- 
mations: (1) 'Osmotic pressure of haemoglobin. (2) Osmotic pressure 
of cell phosphates. (3) Amounts, distribution, and osmotic pressure of 
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in the plasma than in the erythrocytes will ultimately become greater 
in the cells than in the plasma. 

Some of these changes are illustrated in Table XIII which, apart 
from pH data, is derived from the figures in Table XII. The pH data, 
which are discussed later in the section on methods, have a relative 
rather than an absolute meaning. 


Table XI. — Concentration of Ions in Cells and Plasma of Fresh 
Uncitrated and Citrated Blood. 



J Uncitrated blood. 



Per litre 

Per litre 

Per litre 

Per litre 


cell 

plasma 

cell 

plasma 


water. 

water. 

water. 

water. 

Iv m.eq. ..... 

146 

— — 

4*6 

146 

n 

Na m.eq. .... 

17 

156 

17 


HC0 3 m.eq. .... 

22 

26 

20 


Cl m.eq. .... 

Non -penetrating anion m.eq. 

74 

67 

112 

21*5 

71*6 

71*5 

/ 1 

07 


Table XII. — Water and Base Contents of Fresh and Stored Citrate® 

Blood at 2°. 



Fresh cjtrated blood. 

1 Stored citrated blood, 

1 Polio r»r»lv nt 

Cells. 

Plasma. 

Na 

citrate 

solution. 

1 

week. 

2 

weeks. 

V *•* 

4 

weeks. 

8 

weeks. 

Volume c.c. , 

100 

110 

52*5 

103 

119 

131 

135 

Water per cent. 

70*5 

93 


71*5 

75*5 

77*5 

7S*0 

Iv m.eq. per litre * 

103 

4 

0 

67*5 

47*0 

35*S 

32-S 

Na m.eq. per litre * 

12 

144 

1 

255 

51*2 

7S*1 

SS-2 

DC'S 

1 


* Per litre final volume in the ease of stored erythrocytes. 


The increase in cell volume (Table XII) during storage is due to the 
entry of water from the plasma. From these changes and the original 
water contents of cells and plasma, the water contents of cells and 
plasma during storage have been calculated. Similarly, the Na and K 
contents in the plasma of stored blood have been calculated from the 
total observed values for whole blood and the known values for Xa 
and K in stored cells. From all these data the concentrations of Xa 
and K in the colls and piasma of stored blood hare been calculated 

(Table XIII). 
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Table XIII, — Concentration or K and Na in Cells and Plasma of Blood 
Stored with Plain Citrate Solution at 2 ° (rH. Headings at 17°). 



Colls. 

Plasma. 

pH. 

K 

m.eq. 

Na 

m.eq. 

Na -f 1C 
m.eq. 

pH. 

I* 

i *9 

Na 

m.eq. 

Na+K 

m.eq. 

Fresh uncitrated blood 


146 

17 

163 


4-5 

154 

158*5 

Fresh citrated blood 

7*54: 

14G 

17 

163 

7-57 

3 

189 

192 

Citrated blood at 1 week . 1 

7-36 

94 

71 

165 

7-37 

25 

166 

191 

„ ,» „ 2 weeks 


62 

104 

166 


38 

150 1 

194 


7-15 

46 

114 

160 

7*09 

49 

152 

201 

»J » J> 8 y, 


42 

124 

166 


53 

146 ' 

i 

199 


Table XIII shows that cells originally more acid than plasma 
gradually become relatively less acid — although the acidity of both 
phases actually increases. It also shows that citration increases plasma 
base to a concentration which is maintained at a fairly constant level 
during two months’ storage. 

During the first two weeks of storage, the concentration of cell K 
gradually falls but still remains greater than the concentration of 
plasma K. The figures suggest that sometime in the second month of 
storage cell K falls below plasma IC and that cation equilibrium is 
approached, when according to the Donnan equation 

[K] cell/[I£] plasma =[N a] cell/[Na] plasma — [K + Na] cell/[K + Na] plasma. 

The observed ratios are 0*8, 085, and 0*83. The agreement is sufficiently 
close in view of all the experimental errors and of the possibility that 
the activities of Na and K are not necessarily the same in either cell or 
plasma. 

Since during storage, the concentrations of base alters but little, it 
may seem paradoxical that both ivater and base should continue to 
enter the cells in increasing quantities. But this process is a direct 
result of citration which suddenly raises Na and hence total base in 
the plasma and at the same time adds a large amount of non-penetrating 
anion — citrate — to the extra-cellular phase. The resulting Donnan 
equilibrium requires that an excess of base remain in the citrated 
plasma, while an excess of penetrating anion be turned over to the 
cells, and that all this should take place without disturbing the osmotic 
equilibrium. The requirements can only be satisfied by the passage 
of water and anion, and of base in relatively low concentration from 
plasma to cell. Theoretically, it should be possible to calculate the 
equilibrium values for cell and plasma base, acid and water from the 
analyses of fresh blood, but this would involve the following approxi- 
mations: (1) 'Osmotic pressure of hemoglobin. (2) Osmotic pressure 
of cell phosphates. (3) Amounts, distribution, and osmotic pressure of 
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acid cell metabolites. While even if information on all these data were 
available, the relevant volume of plasma is not known. It is true that 
citrated blood contains 10 c.c. cells and 16-25 c.c. plasma, hut Avhen 
cells have settled, they are only in true equilibrium with the intercellular 
plasma and the plasma immediately above the settled mass. It is not 
probable that diffusion alone without additional mixing will enable 
equilibrium to be established between the cell mass and the more 
distant parts of the supernatant plasma. For these reasons, calculations 
beyond those necessar} 7 for Table XIII have not been attempted. 

In stage 2, then, owing to the exces of non-penetrating anion it 
contains, the plasma is more acid than the cells and contains a higher 
concentration of base. But owing to the large excess of base added at 
the moment of citration, equilibrium necessitates a flow of water and 
base into the cells. Had the non-penetrating anion been increased 
without raising base, plasma would still have contained a higher con* 
centration of base, but total cell base would not have increased and the 
concentration of cell base might have actually decreased, nor in this 
case would cell swelling have followed. 

In spite of the fact that some cell swelling occurs in citrated blood, 
it would seem probable that the non-penetrating anion citrate has a 
definite function in storage besides that of preventing coagulation, m 
so far as it opposes a large and prolonged osmotic pressure to that 
exerted by cell haemoglobin and phosphate, and in this way postpones 
osmotic haemolysis. In the absence of citrate, cell swelling would he 
much more rapid, and certainly, in non-citrated heparinised blood, 
haemolysis is relative^ quick. 

This so-called second stage lasts for about two months after citration 
and during it chemical changes also occur, as a result of enzyme action. 
Inorganic phosphate is liberated from hydrolysable phosphate and in 
the process the base binding power of the phosphorus atom is increase 
[Lohmann, 1935], Other organic phosphates are also degraded, hut 
in this case the base binding power of the inorganic phosphate forme 
is, at physiological pH, less than that of the original phosphoric esters 
[Me 3 7 erhof and Lohmann, 1929]. The nett result is probably a smal 
decrease in the non -penetrating anion of the erythroej^tes. 

Simultaneously, during the process of dephosphorylation, the organic 
portion of the esters are converted in several stages to lactic acid, and 
the resultant of the various reactions is to bring about an increased 
acidity of both blood phases. If, however, the common practice is used 
of judging blood pH from plasma pH alone [Maizels and Whittaker, 
1940 b; Mollison and Young, 1942], an exaggerated idea will be 
obtained of the changes in reaction, since some part of the fall in plasma 
dH results from physical changes due to the presence of the non- 
penetrating anion citrate in the plasma phase and is accompanied by 
a corresponding tendency to rise in cell pH, a tendency, however, which 



165 


Phosphate, Base and Hemolysis in Stored Blood 

is masked by the general increase in acidity due to lactic acid. How- 
ever, an absolute increase in cell acidity does occur and as a result 
haemoglobin- is greatly decreased, so that its contribution to non- 
penetrating anion in the cells becomes unimportant. Against this 
may be set passage of citrate to the cells from the plasma, which by 
the end of a month lias lost about 15 or 20 per cent, of its original 
content. The resultant of all these factors is that even after two months 5 
storage plasma-base concentration still exceeds cell-base concentration, 
and it must be concluded that an excess of non-penetrating anion still 
persists in the extra- cellular phase. 

Stage 3. — At the end of stage 2 about 25 per cent, of citrate lias left 
the plasma and about 12 per cent, of cell phosphate has passed in the 
reverse direction from intact erythrocytes. Another moiety of phos- 
phate has reached the plasma from cells which have hsemolysed — about 
5 to 10 per cent, of the whole. At three months, intact cells have lost 
some 30 per cent, of their total phosphate and additional phosphate 
reaches the plasma by way of cells hsemolysed, some 30 per cent, of the 
erythrocytes have been destroyed in this way. It is probable that at 
some time in this stage non-penetrating anion will once more be in 
excess in the erythrocytes, and then the concentration of cell base will 
rise, while anion will fall and water will continue to flow into the cells. 

Stage 4.— Haemoglobin- and plasma protein”, non-penetrating; all 
other ions penetrating. It is probable that this stage does not occur, 
complete haemolysis having supervened. Theoretically, the relatively 
excessive osmotic pressure of haemoglobin would attract water into the 
cells until haemolysis was complete. 

Weak Glucose Sohitions .' —The changes in blood stored with glucose - 
citrate solutions are qualitatively similar to those occurring with simple 
citrate solution. Table III shows that loss of K is similar in both 
solutions, but the presence of glucose delays the entry of sodium. 
Further, while in the case of simple citrate solution, cells and plasma 
approach equilibrium after a month and nearly attain it at two months, 
in the case of glucose-citrate solutions it is still fairly remote even after 
the longer period. The data in Table XIV have been calculated in the 
same way as those in Table XIII and it will be seen that after two 
months’ storage the ratios of Cell/Plasma K, Na, and K-bNa are 
respectively 0*94, 0*78, and OS2. 

The effect of glucose in conserving organic phosphate has already 
been noted. As a result inorganic phosphate in erythrocytes remains 
relatively low (Table III), while glucose is progressive ly converted to 
lactic acid. In the ease of simple citrate solutions, the natural glucose 
of the blood is quickly used up and acid production is limited. But 
when glucose -citrate solutions are used, more potential acid is available 
and this may explain the relatively low pH of both plasma and cells in 
blood stored with this solution. The shift in pH is roughly equivalent 
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Tabltc XIV. — Concentrations or K and Xa in Cells and Plasma or Blood 
Stored with Glucose Citrate Solution (fH Readings at 17 c ). 



Cells. 

Plasma. 

pH. 

K 

m.eq. 

X a 
m.eq. 

Net + K 
m.eq. 

pH. 

K 

m.eq. 

Na 

m.eq. 

Xa - K 
m.eq. 

Fresh citratcd blood 

7*54 

1 46 

17 

163 

7*57 

3 

189 

192 

Citrnted blood at 1 -week . 

EEI 

93 

70 

*163 

7-22 

26 

165 

191 

», ,, „ 2 weeks 

HI 

72 

SS 

160 


i 33 

160 

195 

fi »> »» 4 ,, 


53 

101 

154 

Wmm 

43 

160 

203 

•* »> »» s » 

n 

46 

115 

161 


49 

j 143 

j 197 

! 


to 12 per cent, of the total buffer bound base after one week’s storage 
and to about 30 per cent, after a month. This acidity may possibly 
have a bearing on the advisability of transfusing large volumes of glucose- 
citrate blood or plasma to patients with severe tissue anoxaemia from 
shock or haemorrhage. 

Another effect of the low pH of blood stored with glucose solutions 
is to bring haemoglobin so much nearer its isoelectric point as to decrease 
its base binding power very considerably. For this reason the excess 
of non-penetrating anion in the plasma is relatively greater than m 
non-glucose preservatives, and as a corollary the concentration of cell 
base will be relatively low (Table XIV). Another factor in the low cell 
base may be decreased j^enetration of the cell membrane by cation at 
low pH. 

The preservation action of glucose, however, cannot be explained 
only by the acid reaction it provokes, for the addition of acid without 
glucose does not preserve so effectively as glucose alone. 

Rous-Tnrner’s Solution . — This solution has four peculiarities: it J s 
rich in glucose ; its volume relative to that of the blood with wilicli it 
is mixed is exceptionally large; it is relatively poor in base, and apart 
from its glucose content is hypotonic. 

The immediate effect of adding this preservative is to dilute the 
plasma sixfold with a corresponding dilution of plasma chloride wilich 
falls to a much low r er level than with any other diluent. This must 
result in a series of changes qualitatively like those described as 
occurring immediate^ after admixture of blood with simple citrate 
solution, but quantitatively much more marked. Thus chloride leaves 
the cells for the plasma, but owing to the slowness of movement of 
K and Ha, it will have to pair with H + in its passage tlirough the cell 
membrane. This implies an hydrolysis of neutral salts, a process wilich 
can only occur to a limited extent. The result is that a large excess of 
chloride must remain in the cells and, in accordance with the Donnan 
equation, a large excess of hydrogen ions must remain in the plasma- 
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Such an excess is in fact observed at an exceptionally early stage, and 
after only a week’s storage it is found that the plasma is much more acid 
than the cells, and is indeed more acid than the plasma of either simple 
or v glucose citrate systems. The pH differences between cells and plasma 
are also much greater in the Rous-Turner system (Table XV). 


Table XV. — Concentrations or K and Na in Cells and Plasma or Blood 
Stored with Rous-Turner’s Solution (pH Readings at 17°). 



Cells. 

Plasma. 

pH. 

K 

m.eq. 



pH. 

K 

m eq. 

Na 

m.eq. 

. . 


Fresh titrated blood 


14G 

17 

163 


1 

118 

119 

Blood stored for 1 week . 

7*52 

72 

42 

114 

7*1*5 

8 

119 

127 

„ „ „ 2 weeks. 1 

7-32 

49 1 

52 

101 

7*07 I 

12 

117 

129 

„ „ „ 4 „ . 1 

7-10 

38 | 

48 

86 

6*91 

13 

mwm 

133 

»> >> H ^ ft . 


23 

64 

87 


15 

■ m 

129 


During the days following the mixture of blood with Rous-Turner’s 
solution, glucose diffuses into the cells so that the concentrations within 
and without tend to equalize and the osmotic pressures so exerted to 
cancel out. The remaining osmotic pressure apart from that due to 
the original plasma contents is then exerted by sodium citrate equal to 
a content of 1*08 per cent, in the diluent. Since an isotonic solution of 
sodium citrate contains 3*1 per cent., the Rous-Turner solution is, for 
practical purposes, very hypotonic and when mixed with blood causes 
the rapid initial swelling of cells which has been noted earlier, a swelling 
which would be a little greater were it not for the passage of chloride 
into the plasma with increase in the pH and corresponding decrease in 
the osmotic pressure of the cells. 

Stage 2 . — In this stage, external citrate acts as a non-penetrating 
anion, its content in the external plasma-diluent phase being initially 
about 90 m.eq, — rather more than in the simple and glucose citrate 
systems already described. The excess of non-penetrating anion in the 
external phase imposes a concentration of base on the cells which must 
be much lower than that of the plasma. But the base content of the 
unmixed Rous-Turner solution is already very low: 110 m.eq. compared 
with 255 m.eq. in simple and glucose citrate solutions before they are 
mixed with blood. As a result the base content of the Rous-Turner 
plasma-diluent system is only 116 m.eq. as compared with 184 m.eq. 
in the two previous solutions. For this reason cell-base concentration 
at equilibrium must of necessity be exceptionally low in the Rous- 
Turner system, and experimental findings show that this is the case 
(Table XV). Further, owing to the dilution effect of the large volume 
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of preservative added, the low concentration of penetrating anion 
(Cl~ and HC0 3 ~) required by the Donnan equation will already be 
realised to a greater or lesser extent in the plasma, and therefore water 
and base will not tend to pass from plasma to cells to the same extent 
as in the two previous systems where external base is particularly high; 
on the contrary, base passes in the opposite direction. For these reasons, 
the rather rapid initial rate of swelling observed with Rous/Turner’s 
solution is not maintained: after one week’s storage, swelling of cells 
with this solution is from 2 to 10 per cent, greater than with ordinary 
glucose-citrate; but after four weeks it is about the same. 

In spite of the very low’ level to which cell K falls, it is still in excess 
of the external K (assuming this to be evenly distributed throughout, 
the external medium) even after two months’ storage. The cell/plasma 
ratios for K, jNa, and K+Na are 1-53, 0-56, and 0'67; the figures 
indicate that equilibrium throughout the system is still' remote and is 
exceptionally slow r of attainment. 

Apart from these ionic changes, there is little distinctive about 
blood stored with Rous~Turner’s solution. Organic phosphate tends 
to disappear a little more slowly than with ordinary glucose-citrate 
solution, but hydrolysable phosphate does not last any longer. Clearly, 
then, these chemical changes do not seem to explain the greatly superior 
preservation afforded by Rous-Turner’s solution. Other possible effects 
of the solution on sedimentation and “packing” have already been 


mentioned. 

Acid Glucose-Citrate Solution . — Acidification of blood greatly de- 
creases the base binding pow r er of cell-hsemoglobin, while the citric acid 
added increases the non-penetrating anion in the plasma which is both 
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penetration of cation into the erythrocytes [Mond, 1928] and this is 
shown by the slowness with which K leaves the cells during storage 
and the slowness with which Na enters. It is also shown by the absence 
of true equilibrium in the blood even after two months’ storage, when 
the concentration of K is still high in the cells, while that of Ha remains 
high in the plasma and the cell/plasma rations of K, Na, and K-fNa 
are respectively 0*98, 0*61, and 0*75 (Table XVI). 

The effect of acid on dephosphorylation has already been described. 
There is a conservation of liydrolysable phosphate with a breakdown 
of other organic phosphate so rapid as to overshadow the inhibiting 
effect of glucose almost entirely. 

Phosphate a nd Potassium in Stoked Erythrocytes. 

In this section the relation of K. to organic phosphate has been 
considered. No correlation was observed, but certain observations on 
cell phosphate are set out below. The observations were originally 
made during the course of an investigation to determine if conservation 
of phosphoric esters favoured blood preservation. 

Phosphate in Erythrocytes Stored at 2°. 

pH and Depliosphorylation . — It is well known that a slight degree 
of acidity is optimal for the action of cell phosphates [Lawaczec, 1924; 
Rapoport and Guest, 1939]. This is shown in Table XVII, where 
inorganic phosphate liberated in cells stored with glucose-citrate solutions 
for one and two weeks is recorded. 


Table XVII. — Effects of pH on In organic Phosphate liberated in 
Erythrocytes of Blood Stored at 2° with Glucose -Citrate Solutions 
for One and Two Weeks (pH Readings at 17°). 


! 

1 

week. 

2 

weeks. 

1 ! 

week. 

2 

weeks. 

1 

week. 

2 

weeks. 

1 

week. 

2 

weeks. 

Cell pH . 

Inorganic P mg. per 
cent. 

7-77 

1-34 

1*52 

7-27 
1-42 1 

7-01 ! 
6-72 

7-03 

4*93 

6-92 

23-5 

6-85 I 
23-1 

32-0 











The initial inorganic phosphate in the cells of this experiment was 
1*G8 mg. per cent., and as after a week’s storage inorganic phosphate 
in the cells of the most alkaline system had declined to 1*34 mg., it must 
be assumed that at high pH synthesis of organic phosphate esters exceeds 
breakdown— a process previously described by Martland, Hansman, 
and Robison [1924] and illustrated again later in this paper. 

If no alkali is added to citrated blood, the pH after a week’s storage 
is about 7*2 and inorganic phosphate shows very little change, some- 
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tuZill? 5 and a ^ °^iers falling. A small decrease is not at 

nhoJIZS f« and i 1Uay aCC ° Unt f ° r the Slight dr °P in the “organic 

phosphate of the plasma observed early in storage by Ayhvard, Main- 
waring, and ^ ilkmson [1940] : for if cell and plasma inorganic phosphate 
are in equilibrium, and then as a result of synthesis cell inorganic 
phosphate falls, then inorganic phosphate should pass from plasma 
o ce s. Such a passage might explain the very slight increase in 
total cell phosphate sometimes observed during the earlier stages of 
storage ° 


In the case of acid systems, Table XVII shoves a rapid accumulation 
of inorganic phosphate at a very early stage of storage. In neutral or 
alkaline solutions, this does not occur until acid products of metabolism 
have changed the reaction of the erythroc 3 r tes and so imparted a certain 
momentum to phosphate breakdown. In the case of the most alkaline 


S3 r s terns this may take a long time and then, even after a month, little 
change in organic phosphate occurs. On the other hand, in the absence 
of glucose, breakdown of organic phosphate is rapid even in slightly 
alkaline s 3 7 stems. 

Hydroly sable Phosphate. — Table XVIII shows that li 3 7 drolysable 
phosphate gradually decreases during storage. Breakdown is most 
rajnd at about neutralit 3 r , is less active in alkaline solutions and still 
less active at acid reactions. 


Table XVIII. — Effects of pH ox the Breakdown of Hydrolysable Phos- 
phate in Erythrocytes Stored for Two Weeks with Glucose -Citrate 
Solution at 2°. (Initial Value 1T1 mg. per cent. pH Readings at 17°.) 


P H 7-3S + 

7*38 

7-01 

6-92 

6-92 - 

Hydrolysable phosphate mg. per cent. 6-9 

. . _ 1 

6-0 

5*2 

7*5 

7-6 j 

1 J 


Hydrolysable phosphate persists longest if both glucose and acid 
are present. If acid alone be added to the sj 7 stem, hj 7 dro]j 7 sab]e phos- 
phate survives less well, but the difference is small and within the range 
of experimental error. But if neither glucose nor acid are present 
breakdown of hydrolysable phosphate is rapid (Table XIX). 

Some light may be thrown on the preceding findings b 3 T a brief 
consideration of the possible course of the phosphate C 3 7 cle in eiythro- 
cytes. Investigation of the problem in muscle and tissue extracts has 
followed the direction indicated by the theories of Embden, Meyerhof, 
Parnas, and others. A review of the extensive literature on this subject 
is given b3 7 Lipmann [1941]. The phosphate cycle in erythrocytes, 
however, may well be different from that occurring in muscle. Thus, 
quantitative^ 7 , the chief phosphoric ester in erythroc 3 7 tes is I-3-di- 
phosphoglycerate [Green wald, 1925], 3 7 et tin's substance plays no part- 
in the muscle cycle, and although it may be concerned in the erythnmyte 
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Table XIX.— Effect of Diluent on the Disappearance of Hydrolysable 
Phosphate in Erythrocytes Stored foe Two Weeks at 2°. (Initial 
Value 10*7 mg. per cent.) 


Diluent 

Glucose -Citrate. 

Plain -Citrate. 

Dextrin-Citrate. 

Sucrose-Citrate. 

Hydrolysable 

7-0 

3*4 

2*9 

3*4 

P. mg. per 1 





cent. 






cycle, its action is obscure. The presence of adenosine triphosphate in 
both blood and muscle cells suggests, however, that certain processes 
are common to both. It is probable that in erythrocytes adenosine 
triphosphate reverts to adenylic acid, at the same time donating 
phosphate to hexose derivatives and converting these to hexose di- 
phosphate. The latter is converted by several intermediate stages to 
phosphopyruvate. Phosphopyruvate donates phosphate to adenylic 
acid, which is thereby restored to adenosine triphosphate, while the 
pyruvate is converted to lactate. In this way the cycle is complete, 
the energy for its maintenance being derived from the breakdown of 
glucose. It should perhaps be mentioned that in the scheme set out 
no mention has been made of other phosphorylating systems. 

In the circulation, means for supplying glucose and removing lactic 
acid are continuously available, but during storage the supply of 
glucose may be limited and acid products accumulate. If no extra 
glucose is added, sugar naturally present in the blood is soon used up 
and the cycle is interrupted, for the resynthesis of phosphoric esters is 
no longer possible and those remaining are broken down by phosphatase. 
Donation and acceptance of phosphate by the adenylic acid system 
comes to an end, and the end products of phosphate metabolism are 
now lactic acid and inorganic phosphate. At this stage the tendency 
of enxyme action to convert adenosine triphosphate into adenylic acid 
and inorganic phosphate is no longer balanced by a rephosphorylation 
in the reverse direction, since primary phosphorylation of adenylic acid 
by inorganic phosphate does not occur. There results a progressive 
conversion of adenosine triphosphate to adenylic acid which is mani- 
fested by a decline in hydrolysable phosphate (Table XIX). 

If the glucose content of the citrated blood is high, the phosphoro- 
lysis cycle is maintained for a longer time, but as lactic acid accumulates 
and the pH of the system falls, the rate of breakdown exceeds that of 
synthesis and the balance of the system is lost. Slower synthesis 
obstructs the donation of phosphate by adenosine triphosphate, and 
here again, as in systems containing no added glucose, inorganic phos- 
phate accumulates and hydrolysable phosphate ultimately falls 
(Table XIX). 

The effects of pH on hydrolysable phosphate seem paradoxical in 

VOL. XXXII, NO. 2, — 1943. 
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that a rapid accumulation of inorganic phosphate occurs,, but hj r dro- 
lysable phosphate disappears more slowly than in slightly alkaline 
systems. It would seem that adenosine triphosphatase is most active 
at slightty alkaline reactions } less active at more alkaline reactions; and 
much Jess active at acid reactions. But even in the presence of acids 
some breakdown of adenosine triphosphate does occur (Table XVIII), 
although more than 50 per cent, may survive after a month's storage. 

In view of the effects of fluoride on the phosphorofysis cycle, its 
action on stored blood was examined. Added to a content of 0-0D15M, 
it produced the following effects: (1) Fall of pH during storage is 
delayed. (2) Spontaneous haemolysis is greatly increased possibly 
owing to greater activity of hmmolysin at high pH. (3) Breakdown of 
slowly hydrolysable phosphoric esters is delayed. (4) Disappearance 
of hydrolysable phosphate is accelerated (Table XX). 


Table XX. — Effects of Fluoride ox Blood Stored for Two Weeks 
at 2° (pH Observations at 17°). 



Spontaneous 

1 

Hydrolysable 

Inorganic 

Solution. 

haemolysis, 
per cent. 

pH cells. 

phosphate, 
mg. per cent. 

phosphate, 
mg. per cent, 

Glucose-citrate . 

0-14 

7*10 

4*9 

10*1 

Glucose-citrate-fluoride 

1-9 

7*38 

M 1 

2*1 


Fluoride acts on the phosphorolysis cycle by preventing the formation 
of phosphopyruvate [Lohmann and Meyerhof, 1934] and so the pro- 
duction of inorganic phosphate and lactic acid is delayed. At the same 
time, adenosine triphosphate continues to donate phosphate and revert 
to adenylic acid, but in the absence of phosphopyruvate, adenylic acid 
cannot be re-phosphorylated — hence the decrease in hydrolysable 
phosphate recorded in Table XX. 

Permeability of Stored Erythrocytes to Inorganic Phosphate. 

In blood stored with or without glucose, an increase of the inorganic 
phosphate within the cells ultimately occurs, but in spite of this, if 
allowance is made for concentration of plasma by passage of water into 
cells and for direct increase of plasma phosphate by hmmolysis of cells, 
the nett increase in the inorganic phosphate of the plasma is very 
small and roughly balances phosphate lost from the erythrocytes && 
determined by direct estimation of cell contents (Table XXI). 

In the above experiments, percentage haemolysis, phosphate con- 
tents etc., have been corrected for changes in cell and plasma volume. 
In order to assess the nett losses and gains a further allowance must 
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Table XXL— Nett Loss or Phosphate by Erythrocytes and Ni:tt Cain 
by Plasma or Blood Stoked with Simple Citrate Solution at 2L 


Experi- 

ment. 

Storage 

weeks. 

Cell Phosphate. 

Plasma Inorganic Phosphate. 

Spon- 

taneous 

hremo* 

lysis, 

per 

cent. 

Total 

original, 

mg, 

per 

cent. 

1 

Total 

final, 

mg. 

per, 

cent. 

Xett 

loss, 

mg. 

per 

cent. 

Inor- 

ganic, 

mg. 

por 

cent. 

Original, 

mg, 

per 

cent. 

Gained 
by cell 
hremo- 
lysis, 
mg. per 
cent. 

Final, 

mg, 

per 

cent. 

Nett 
gain by 
diffusion 
from 
colls, 
mg. 
per 
cent. 

1 

2 

1 

2 

4 

0-80 

3-3 

53-0 

53-4 

53-1 

50-2 

1-9 

3-2 

31*3 

45*8 

2-5 

2*3 

0-5 

1*7 

3*6 

6*4 

0*6 

2*4 


he made for the relative volume of cells and plasma. Thus in ex- 
periment 1, 100 c.c. original blood contained 36 c.c. of cells and 64 c.c. 
of plasma. Hence the absolute loss of phosphate by cells was 1*9 x 36/100 
or 0*7 mg. 3 while the gain by plasma was 0*6 x 64/100 or 0*4 mg. In 
experiment 2 the absolute cell loss was 1*2 mg. and the plasma gain 
1*5 mg. 

It follows therefore that, although inorganic phosphate reaches a 
high level in stored cells, very little escapes into the plasma even after 
five weeks. 

Nevertheless, although egress of phosphate seems difficult, ingress 
is relatively rapid for if inorganic phosphate at pH 7-4 is added to 
blood an increase of total, and inorganic phosphate within the erythro- 
cytes occurs in a few days (Table XXII). 

Table XXII. — Increase of Cell Phosphate on the Addition of Sodium 
Phosphate to Blood Stored with Simple Citrate Solution fob Eleven 
Days at 2°. 


Plasma Phosphate. 
Original + added 
referred to initial 
plasma volume. 

Cell Phosphate. 
Original + gained 
referred to initial 
cell volume. 

Concentration of 
Inorganic Phosphate 
in water of 

Inorganic P, 

Total P, 

Inorganic P, 

Plasma, 

Cells, 

mg, per cent. 

mg. per cent. 

mg. per cent. 

mM. 

mM. 

3-22 

51*8 

33*7 

— 

1-04 

13*2 

10-2 

53-8 

35*4 

3*77 

13*6 

16-9 

56-4 

36*9 

6*24 

14*7 

29-4 

61-0 

41*2 

10*9 

16*4 


In columns 1, 2, and 3 of Table XXII, values are referred to the 
initial cell and plasma volume and figures represent absolute changes 
m contents. Thus in column 2, original total P was 51*3 mg. per cent., 
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that a rapid accumulation of inorganic phosphate occurs, but hydro- 
lyzable phosphate disappears more slowly than in slight!} 7 alkaline 
systems. It would seem that adenosine triphosphatase is most actire 
at slightly alkaline reactions, less active at more alkaline reactions, and 
much less active at acid reactions. But even in the presence of acids 
some breakdown of adenosine triphosphate does occur (Table XVIII), 
although more than 50 per cent, may 7 survive after a month’s storage. 

In view of the effects of fluoride on the phosphorolysis cycle, its 
action on stored blood was examined. Added to a content of 0*0015 31, 
it produced the following effects: (1) Fall of pH during storage is 
delayed. (2) Spontaneous haemolysis is greatly increased possibly 
owing to greater activity of hiemolysin at high pH. (3) Breakdown of 
slowly 7 hydrolysable phosphoric esters is delayed. (4) Disappearance 
of hydrolysable phosphate is accelerated (Table XX). 


Table XX. — Effects of Fluoride ox Blood Stored for Two Weeks 
at 2° (pH Observations at 17°). 


1 

Spontaneous 


Hydrolysable 

Inorganic 

Solution. 

haemolysis, 
per cent. 

pH cells. 

phosphate, 
mg. per cent. 

phosphate, 
mg. per cent. 

Glucose-citrate . 

0*14 

7*10 

4-9 

10-1 

Glucose-citrate-fluoride 

1-9 

i 

7-38 

1*5 

2*1 


Fluoride acts on the phosphorolysis cycle by preventing the formation 
of pliosphopyruvate [Lohmann and Meyerhof, 1934] and so the pro- 
duction of inorganic phosphate and lactic acid is delayed. At the same 
time, adenosine triphosphate continues to donate phosphate and revert 
to adenydic acid, but in the absence of pliosphopyruvate, adenylic acid 
cannot be re-phosphorylated — hence the decrease in hydrolysable 
phosphate recorded in Table XX. 

Permeability of Stored Erythrocytes to Inorganic Phosphate. 

In blood stored with or without glucose, an increase of the inorganic 
phosphate within the cells ultimately occurs, but in spite of this, if 
allowance is made for concentration of plasma by passage of water into 
cells and for direct increase of plasma phosphate by hremoly 7 sis of cells, 
the nett increase in the inorganic phosphate of the plasma is very 
small and roughly 7 balances phosphate lost from the erythrocytes as 
determined by direct estimation of cell contents (Table XXI). 

In the above experiments, percentage haemolysis, phosphate con- 
tents etc., have been corrected for changes in cell and plasma volume. 
In order to assess the nett losses and gains a further allowance must 
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It has been shown that erythrocytes rendered chemically abnormal 
by loss of K and gain of Na during storage at 2° are “reconditioned” 
in the recipient’s circulation after transfusion. By analogy it would 
appear likely that normal erythrocytes are not impermeable to base, 
but are continually tending to lose K and gain Na and that the resulting 
changes are continually reversed by some counter-mechanism. Such a 
process might take place through the influence of some external factor: 
it might occur, for example, as the erythrocytes pass through the liver 
or spleen or other organ. Alternatively, the mechanism for “recon- 
ditioning” may exist in the cells themselves. Muscle cells present a 
similar paradoxical distribution of potassium, and since they are fixed 
and unable to wander in and out of organs, the process for their recon- 
ditioning must exist locally, and suggests that a similar local process 
may occur in erythrocytes. 

Various theories have been advanced to explain the high K content 
of muscle. Some of these make assumptions that do not conform with 
the facts. This is the case with the theory of Conway and Boyle [1939] 
which assumes that muscle cells are permeated by K and not by Na. 
Dean [1941] suggests that a pumping mechanism exists in muscle 
which ejects Na and so determines a compensatory entry of K or 
alternatively that K is pumped into the muscle cell with a secondary 
expulsion of Na. He defines the physical conditions under which 
such a pump would produce a cation distribution conforming with 
experimental data, but is unable to suggest what motive force drives 
the pump. 

Steinbach [1940] has shown that K can readily be washed out of 
excised frog’s muscle in K-free Ringer’s solution, and that it will again 
concentrate in the muscle against the concentration gradient if the 
muscle is xflaced in Ringer containing quite a low content of K. He 
suggests that if “the apparent dissociation of some organic potassium 
compound within the cell vras less than that of the corresponding 
sodium compound and if the organic anion was indiffusible, then distri- 
bution ratios of total sodium and potassium within and without probably 
would be altered in the correct direction; that is, toward a high cellular 
content of potassium.” This explanation would hardly apply to the 
erythrocyte, however, for here chloride and bicarbonate are presumably 
capable of binding about 65 m.eq. base. If all cell Na were so bound, 
there would still remain 40 m.eq. unbound by Na and therefore of 
necessity bound by K. From this it follows that K combined with 
chloride and bicarbonate within erythrocytes is alone at least eight 
times greater than external K. 

Since, however, an inequality of cation distribution does exist, a 
dynamic “reconditioning” process i s implied and the energy required 
for such a process, might well derive from the active phosphate cycle 
which is such an important part of cell metabolism. No correlation, 
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while after 11 days storage it was 46*0 mg. per cent. But as the cells 
had swollen by 12*6 per cent., the actual change in total phosphate was 
from 51*3 to 46 x 112*5 or 51*S mg. per cent. In fact the slight increase 
is within the range of experimental error and the figures should be 
taken to mean that no change in cell phosphate had occurred. The 
data in columns 4 and 5 represent true concentrations. 

The first line of the table shows the control observation. Here, 


no phosphate was added, inorganic phosphate in cells rises to 33*7 nig. 
per cent., but total' cell phosphate remains practically unaltered, 
indicating that no phosphate has diffused outwards. On the other hand 
an increase of external inorganic phosphate to 29*4 mg. causes a marked 
increase in the cell, showing that inorganic phosphate has passed in- 
wards from the plasma. In the table, the data for concentrations 
make it appear that phosphate has entered the cells against the con- 
centration gradient, but it is probable that entry was effected at an 
early stage before inorganic phosphate had accumulated as a resu t 
of dephosphorjdation of cell esters, and when the plasma concentration 
of inorganic phosphate was many times greater than that of the ce 
Once it has entered, however, passage in the reverse direction seems 


to be hindered. 

According to Halpern [1936] no phosphate moves across the erythro- 
cyte membrane at low temperatures, but the period of observation 
only covered a few hours and not daj^s as in the present investigation. 
At 37° Halpern finds that phosphate moves fairly freely in and otttJ3 
^ the cells, the direction being determined by metabolic activity. At - , 
however, exit of inorganic phosphate from cells is very slow, whet ier 
depliosplioridation is accelerated by^ the presence of acids or the absence 
of sugar, or whether it is delayed by alkali. A tentative suggestion is 
made that at 2° the erythrocyte membrane opposes a resistance to t m 
passage of phosphate and that the resistance is considerably greater o 
passage of inorganic phosphate outwards. 


Potassium in Erythrocytes . 

In freshly shed blood cell K is high and Na is low, while in the plasma 
it is the Na which is high and the K low. During storage the respective 
concentration gradients become effective and cell K falls while JNa 
rises. In the circulating blood, however, the anomalous distribution 
is maintained for long periods, and although in certain pathological 
states K may leave the erythrocytes, under most circumstances tlie 
cation contents of ceU and plasma remain constant. Peters and vtm 
c 1vke [ 1937 ] remark that no explanation exists for the inequalities o 
distribution, which must, however, depend on some restraining factor 
in the cell membrane or on inherent characteristics of the cellular and 

extra-cellular media. 
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Tabus XXIV.— Synthesis or Phosphoric Esteks and Loss or Potassium 

FROM EkYTHTOCYTES STOKED AT 2°, 


Diluent. 

Storage 

weeks. 

Hydro- 

lysablo 

phosphate, 

Other 

organic 

phosphate, 

* 

Inorganic 

phosphate, 

mg. 

K 

m.eq. 


mg. 

per cent. 

mg. 

per cent. 

per cent. 

\ 

None (initial values) , 

0 

10-7 

41*2 

1*83 

104 

Alkaline glucose citrate (control) . 

2 

5-4 

45-3 

2-20 

54 

Alkaline glucose phosphate citrate 

2 

5*7 

49-8 

6*42 

52 

Acid glucose citrate (control) 

2 

6-1 

20*6 

26*0 

68 

Acid glucose fluoride citrate 

2 

1*5 

42*2 

9*3 

72 


that demonstrated by Steinbacli [1940] for frog's muscle in vitro , lias 
not been shown in the case of human erythrocytes. 

It may well be that the alkaline phosphate cycle at 2° differs from 
the normal physiological process and this will certainly be the case if 
fluoride is added. In addition there are other activities in erythrocytes 
which might be associated with phosphate retention. Finally, it is 
possible that activities present at 37° are restrained at lower 
temperatures. 

Conclusions. 

1. Numerous chemical and physical changes affect human erythro- 
cytes during storage. The physical changes include loss of K, gain of 
Na, and increase of Na + K. Increase in Na-f K taken up by the cells 
determines secondary changes like cell swelling and increased fragility. 
Chemical changes include degeneration of the erythrocyte membrane 
in vitro , with consequent haemolysis. Hydrolysis of phosphoric esters 
also occurs with decrease in organic phosphate affecting both the easily 
and not easily hydroly sable fractions. Inorganic phosphate shows a 
corresponding increase. The addition of glucose delays most of these 
changes, including the breakdown of easily hydroly sable and total 
phosphate. Acids delay haemolysis in vitro , preserve hydrolysable 
phosphate, but accelerate the breakdown of other organic phosphates. 
They also delay cation exchange across the cell membrane. 

2. Preservatives have different and uncorrelated effects in delaying 
or accelerating these various physical and chemical changes. In 
general, the slightness of a physical or chemical change cannot be used 
as a measure of the excellence of a diluent as a preservative, since there 
is no correlation between these tests and the available data for cell 
survival after transfusion, as set out by Mollison and Young [1942]. 

Spontaneous haemolysis, however, has a definite negative value, for 
its rapid development in vitro is associated with poor survival of the 
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however, Ims been found between the level of erythrocyte K and the 
amounts of the various phosphate fractions. Thus in glucose-citrate 
systems, hydrolysable and total organic phosphate are relatively high 
while inorganic phosphate is low, M r hile in citrate systems without 
glucose these findings are reversed, yet in both K loss from cells over a 
period of a month is about the same. It is true that acid systems show 
both a high inorganic and hy^drolysable phosphate and that in these 
loss of Iv is slow, but here the influence of pH on K retention is probably 
exerted directly, through decreased permeability of the erythrocyte 


Table XXIII. — Sodium, Potassium, and Phosphate Fr actions of 
Erythrocytes Stored at 2°. 


Diluent* 

Storage 

weeks. 

Hydro- 

lysable 

organic 

phosphate, 

mg. 

per cent. 

Other 

organic 

phosphate, 

rag. 

per cent. 

Inorganic 

phosphate, 

mg. 

per cent. 

K 

m.eq. 

Xft 

m.eq. 

Initial values . 

0 

10-2 

42*2 

1-2 

102 

14 

Very acid glucose -citrate . 

2 

9*4 

10*1 

30*8 

82 

42 

Acid glucose -citrate . 

o 

8-5 

18*8 

24*9 

71 

47 

Standard glucose -citrate 

2 

5*0 

37*9 

9*8 

62 

61 

Alkaline glucose-citrate 

2 

6*9 

41*5 

1*3 

56 

87 

Plain citrate 

2 

1-4 

20*4 

31*3 

62 

76 


membrane and not indirectly through its action on the phosphate cycle 
(Table XXIII). 

An attempt was made to determine if retention of K by erythrocytes 
might be favoured if synthesis of phosphoric esters were encouraged. 
Blood was mixed with the following diluents: (I) Alkaline citrate with 
added glucose and phosphate; alkaline glucose citrate being used as a 
control. (2) Acid fluoride glucose-citrate solution, with acid citrate as 
control (Table XXIV). 

Direct phosphorylation of glucose by inorganic phosphate does not 
occur. Nevertheless at high pH glucose and inorganic phosphate m 
erythrocytes combine to form organic phosphate, by an indirect process 
of phosphorylation, comparable perhaps to that described by Meyerhof 
[1941]. In spite of the synthesis of organic phosphate, however, loss 
of potassium has not been prevented. 

With the acid fluoride systems, although increase of slowly hydro- 
lysable phosphate is slight and occurs largely at the expense of hydro- 
lysable phosphate, the phosphate composition contrasts greatly 7 with 
that found in erythrocytes stored in fluoride-free acid systems, where 
organic phosphate is greatly reduced. In spite of this, the potassium 
contents of cells stored in either system are not dissimilar and at present 
a movement of K against the concentration gradient, comparable to 
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lysed plasma, and a lower layer of settled cells. It is sometimes con- 
venient for other reasons to remove part of the supernatant plasma 
(e,g. to accommodate more cells in a centrifuge tube), and provided no 
hasmolysed plasma is removed this will not affect the .estimation of 
spontaneous homolysis. It is necessary, however, that volume of 
residual plasma shall be, not less than half that of the cells. Otherwise, 
even though no hasmolysed plasma is removed, serious errors are 
introduced. 

Fragility . — 1 volume of blood was mixed with 20 volumes of hypo- 
tonic saline and the percentage of cells hsemolysed estimated by com- 
parison with suitable standards. 

Sodium and potassmm were estimated on centrifuged cells dried at 
105° and ashed at just below 500°. Sodium was estimated by Salit’s 
[1932] method, modified to prevent precipitation of potassium [Maizels 
and Paterson, 1940]. Potassium was measured by King, Haslewood, 
Delory, and Beall’s modification [1942] of Jacobs and Hoffman’s 
method [1931]. In addition, it was found convenient to hasten the 
solution of the potassium cobalti-nitrite by boiling it with a solution of 
acid sodium phosphate (0*3 per cent.) instead of with water. 

Phosphate was estimated by Briggs’ method [1924]. Hydrotysable 
phosphate + Inorganic phosphate was measured by boiling the tri- 
chloracetic acid filtrate with sulphuric acid added to normal strength. 

At first the period of boiling was ten minutes; later this was shortened 
to seven minutes. The longer time made no qualitative and only very 
slight quantitative difference to the results. Hydrolysable phosphate 
is the difference between the value so obtained and the value for 
inorganic phosphate, and the error is the sum of the experimental errors 
in the two estimations. If hydrolysable phosphate is between 7 and 
10 mg. per cent., the error is about ± 3 per cent.; if it is in the neigh- 
bourhood of 1 mg. per cent., the error rises to about ±15 per cent. 

The estimation of total acid soluble phosphate was preceded by 
wet-ashing the filtrate with sulphuric acid and hydrogen peroxide 
(100 volumes). The peroxide gave a strong reaction for phosphate 
and had to be treated with magnesium oxide and then filtered before 
use. The presence of residual magnesium in the reagent did not seem 
to hinder its action, but a slightly acid reaction was needed to delay 
decomposition of the peroxide. 

Citrate [Pucher, Sherman, and Vickery, 1936]. — pH was usually 
measured in the glass electrode at 17°. The pH of a part of the settled 
cells was first estimated ; this represents the pH of intercellular plasma 
at equilibrium with cells. The residue of cells were centrifuged, the 
supernatant plasma removed and the packed ery thro cytes frozen and 
thawed three times. So long as some of the cells were lisemolysed, the 
completeness of the process is not important. Loss of carbon dioxide 
was prevented as far as possible. 
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remaining unhmmolysed cells after transfusion. The reverse is ret 
quite true for polysaccharides prevent haemolysis in vitro , but in the 
case of dextrin at least do not aid survival after transfusion. Apart 
from this, correlation between haemolysis during storage and survival 
after transfusion is close, though other exceptions may emerge. A 
similar negative value may, perhaps attach to the disappearance of 
hydrolyzable phosphate; diluents causing rapid disappearance are 
associated with poor survival in vivo, but persistence of hydrolysable 
phosj^hate in stored erythrocytes is not necessarily associated with 
good survival after transfusion. 

3, Citrate besides preventing coagulation of the blood has another 
function: it adds to the plasma a large amount of non-penetrating 
anion, which is now in excess of, and in osmotic opposition to, the non- 
penetrating anion present in erythrocytes. This tends to delay entry 
of water into the cells and to limit the consequent swelling. It also 
brings about an increase in cation concentration and acidity of the 
plasma, which, in contrast to the findings in uncitrated blood, now exceed 
the cation and hydrogen ion concentrations in the cells. 

4. The permeability of phosphate at 2° is peculiar in that penetra- 
tion of phosphate from without inwards takes place much more readily 
than passage in the reverse direction. 

o. No correlation has been found at 2° between the rate of hydrolysis 
of phosphoric esters in stored erythrocytes and the speed with which 
potassium escapes from the cells. 

My thanks are due to Dr. C. G. Pope of the Wellcome Research 
Laboratories, who Jias carried out for me numerous electrometric 
measurements of pH, and to Dr. R. G. Macfarlane of the Radcliffe 
Infirmary, Oxford, wlio has given me a sample of cobra venom. 

Note ok Methods. 

Blood to be analysed was gently mixed and centrifuged in haemoglobin 
comparator tubes for 30 minutes at 3000 r.p.m. Cell and plasma 
volume were measured and supernatant plasma removed. The tubes 
were again centrifuged for 15 minutes and residual plasma together 
with the surface layer of packed erythrocytes removed. 

Change in Volume. — 1 c.c. packed erythrocytes were added to a 
250 c.c. flask with a “wash-out” pipette and made up to volume. The 
solution was compared in a colorimeter with a similar dilution of the 
centrifuged original cells, which had been kept undiluted at 2°. 
Percentage volume = Reading of unknown + 100/Reading of standard. 

Spontaneous Hcemolysis . — The method for this is described elsewhere 
fMaizels and Whittaker, 1939], Stored blood settles in three layers: 
an upper clear unhaemolysed layer of plasma, a middle layer of hsemo- 
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The method presents, among others, two sources of error: (1) Blood 
was stored at 2° and cells and plasma were separated while still cold, 
while pH was measured at 17°. There is a considerable temperature 
coefficient involved which is probably not the same for cells and plasma. 
(2) The pH of the lisemolysed cell mass is not necessarily the same as 
that of the interior of the intact cells. For these reasons pH values 
have no absolute, but only relative values. A consistent technique 
was followed as far as possible 1 , but the data should be regarded merely 
as indicating the direction in which pH is tending to move. 

In the experiments on pH and the action of hmmolysins, the reaction 
was measured with indicator dyes. 
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BLOOD STORAGE. By J. P. Loutit, P. L. Mollison, and 
I. Maureen Young , 1 with the technical assistance of E. J. 
Lucas. 

A Report to the Medical Research Council from the South- 
West London Blood Supply Depot. 
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Introduction, 

For blood transfusion purposes trisodium citrate lias long been the 
most widely used anticoagulant; for blood storage the addition of 
glucose to the citrated blood as a preservative is now accepted as 
invaluable — not only is haemolysis retarded but the survival in vivo 
of the erythrocytes after transfusion is greatly prolonged- This mixture 
of trisodium citrate and glucose has, however, one great disadvantage. 
As the citrate has an alkaline reaction (pH 8*5-9) the glucose is 
caramelised when the two are autoclaved together. All workers have 
taken care to avoid this brown coloration, although the nature of the 
objection has not been stated. The universal practice has been to 
sterilise the two solutions separately and then to mix them with aseptic 
precautions. This procedure is most time-consuming and increases 
the risk of bacterial contamination. 

The present standard anticoagulant preservative mixture in general 
use hi England since 1 940 is : 100 c.c. of 3 per cent, trisodium citrate + 20 
c.c. of 15 j)er cent, glucose (or 10 c.c. of 30 per cent, glucose) for 
admixture with 420 c.c. of blood (Medical Research Council War 
Memorandum, No. 1), and is hereafter called the M.R.C. solution. This 
investigation was carried out, firstly, to determine whether this solution 
could be modified by the addition of citric acid so that the formation of 
caramel on autoclaving would be reduced or abolished, and, secondly, 
to see what effect this modification would have on the preservative 
powers of the solution. Before recommending any new solution for use 
as a blood preservative it is necessary to establish that red cells stored 
in the solution survive well in the recipient after transfusion. It is not 
sufficient to show that the solution retards various biochemical and 

1 Demonstrator in Physiology, Bedford College for Women, at Cambridge. 
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citrate were also tried. To 100 c.c. of each solution 10 c.c. of a 30 per 
cent, solution of anhydrous glucose were added. All chemicals used 
were of analytical reagent standard. 

To determine approximately how much glucose had been lost the 
total reducing substances left after autoclaving were estimated as 
“glucose 55 by Hanes 5 [1029] method. 

No attempt was made to estimate the caramel as such because it is 
known that one part of this complex in 10,000 parts of water gives a 
very dark brown solution, and, judging from the colour of our solutions, 
even smaller quantities must have been present. 

A sodium citrate-citrate acid-glucose solution (100 c.c. of a 0*64 per 
cent, trisodium citrate solution in 0*36 per cent, citric acid + 20 c.c. of 
30 per cent, glucose) devised by Murray [1943] was also investigated 
(No. 8, Table I). 

Resuxts, 

Prom Table I it is seen that when the M.R.C. diluent was auto- 
claved complete it became the colour of very dark sherry, but as the pH 
was lowered smaller amounts of caramel were produced till in this series 
at a pH below 4*7 the solutions were colourless. (It may be noted that 
similar colours were produced when the solutions were autoclaved in a 
steam -heated, steam-jacketed autoclave at 15 lb. pressure for 30 
minutes. A recording thermometer registered 122° C. A hundred 
minutes elapsed before the temperature fell to 84° C., when the auto- 
clave was opened.) 

The destruction of glucose was not great in any of the solutions 
investigated. Solution No. 1 was found to have lost 13*5 per cent, of 
the “glucose 55 originally present and at the same time the pH fell from 
8*5-9 to 5*8; diluent No. 4 lost 2*5 per cent, “glucose 55 and the more 
acid diluents even smaller quantities. 

(b) Retardation of Spontaneous Hcemolysis . — Blood was stored in 
each of the solutions 2-8 and in the standard M.R.C. solution at 3-7° C. 
for 4 weeks, at the end of which time the bloods were well mixed and 
centrifuged. The amounts of free haemoglobin in the plasmas were then 
compared. 

By this crude method it was noted that the spontaneous hsemolysis 
in solutions nos. 2, 3, 4, 6, and S was less than in the M.R.C. diluent, 
in solution no. 5 about the same and in solution no. 7 it appeared to be 
somewhat greater. 

Discussiox. 

Heating glucose for prolonged periods at high temperatures favours 
the formation of caramel. With autoclaves that can be rapidly heated 
and exhausted of air it should be possible to ensure sterilisation of the 
contents with shorter periods of heating or at lower temperatures than 
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physical changes during storage, since the latter changes are sometimes 
fallacious indicators of preservation as judged by the subsequent survival 
in vivo of the red cells [Maizels, 1941a; Molhson and Young, 1911 
and 1942]. The procedure involved in the estimation of survival is so 
lengthy, however, that, while it was considered indispensable for the 
main investigation, the criterion adopted in the preliminary selection of 
solutions for trial was the retardation of spontaneous hemolysis. This 
test enables unsatisfactory solutions to be rejected since preservatives 
which do not retard hmmofysis cannot be regarded as efficient. 


Phelimxnary Selection of Solutions. 

(a) Prevention of Caramelisation . — The degree of earamelisation of 
glucose depends, among many factors, on the temperature to which 
it is heated, the time for which it is heated, the pH of the solution and 
the concentration of glucose. With the autoclaves available, it was 
not considered desirable to reduce either the working pressure or the 
time [Spooner and Turnbull, 1942]. 

Muether and Andrews [1941] claimed that they could prevent 
caramelisation of their glucose citrate solution by autoclaving it at 
15 lb. pressure for 20 minutes with a phosphate buffer. Evans, 
Thorley, and McLeod [1942], using the M.R.C. sodium citrate-glucose 
solution, maintained that saturation with carbon dioxide and auto- 
claving at 15 lb. pressure for 30 minutes with the caps of the bottles 
screwed tight prevented coloration. 

A preliminary trial showed that neither of these methods was 
satisfactory with our autoclaves, because the resulting pH was not 
low enough. A simple way of decreasing the pH of the citrate -glucose 
mixture seemed to he to replace varying quantities of the sodium citrate 
with citric acid. 


Methods. 

The autoclaves used were gas-heated, air-jacheted, vertical auto- 
claves, 1 ft, 9 in. in diameter by 3 ft. 5 in. high, the standard autoclaves 
issued to the War Emergen cy Blood Transfusion Services. With each 
run, a period of 30 minutes free steaming with valve open, to ensure as 
complete air exhaustion as possible, was followed by 30 minutes 
sterilisation at 20 lb. pressure. A further 30-40 minutes ensued before 
the pressure fell to atmospheric , at which point the valve was opened 
and the autoclave emptied. 

All bottles used, which were the standard M.R.C. 1-pint bottles, 
were autoclaved with the caps screwed down tight. 

3 per cent, dihydric trisodium citrate and 3 per cent, monohydric 
citric acid were mixed in the proportions sh own in Table I. 3 per cent, 
monohydric disodium citrate and 3 per cent, monohydric monosodiurn 



Citric Acid-Sodium Citrate-Glucose Mixtures for Blood Storage 187 


investigation of the biochemical and physical changes occurring in 
the bloods stored in these solutions was undertaken in the hope of 
elucidating the mechanism of the beneficial effects. The changes 
studied were: the rates of potassium leakage from the red cells, of 
hydrolysis of ester phosphorus and of glucose breakdown, and the 
alterations in pH which took place when blood was kept in each of these 
diluents ; the rate of spontaneous haemolysis and the changes in osmotic 
fragility were also estimated ; at the same time the amount of haemolysis 
occurring on mixing the stored cells with fresh serum was determined 
as it was suspected that some of the more fragile cells might he 
hasmolysed on being brought into contact with the recipient’s plasma 
after transfusion; the stored blood was also examined for inactive 
derivatives of haemoglobin. 

Studies of the biochemical changes taking place in blood stored in 
the standard M.R.C. diluent and in the Rous-Turner diluent were 
included for comparison. 


Methods. 

In Vivo . 

Estimation of Cell Stirvival. — Blood was taken from supposedly 
healthy donors into standard bottles containing the various solutions 
and stored at 3-7° C., until required for transfusion. On the day of 
transfusion, two bottles of identical age were taken, the supernatant 
plasma siphoned off and one bottle of concentrated red cell suspension 
prepared from the residual red cells. Approximately 500 c.c. of this 
suspension were transfused to various recipients, the time of transfusion 
varying from 40 to 120 minutes (with 6 exceptions). The recipients, 
with the exception of one case of Addisonian anaemia, were suffering 
from idiopathic or post-haemorrhagic hypochromic anaemia. In all 
cases venous samples were taken immediately before and after trans- 
fusion, and further samples were taken at 24 hours, at 7 days, and 
thereafter at convenient intervals, usually including the 21st and 60th 
days after transfusion. In the majority of instances, survival was 
followed to completion, although only the figures for survival up to 
the end of 60 days are included in the tables of results. 

The survival of the donor cells was estimated by a modification 
[Dacie and Mollison, 1943] of Ashby’s method [1919]. Patients of 
group A or B were transfused with blood of group O. After trans- 
fusion the group O cells were counted after agglutinating the cells of 
the recipient. Allowance was made for the small number of un- 
a gg^ u tinated recipient’s cells by estimating their number before 
transfusion. 

Recording of Transfusion Reactions . — All cases transfused, whether 
with concentrated red cells or with whole blood, were personally 
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Ztl d %tZ: 0ndiU T‘ CarameI W0Uld thlls be less l^ely to be 
f ] ' . , P 1 esenee of oxygen also favours caramelisation and by 

From tf 1G n Wkh tllB ° apS l00Se Iess colour is Produced. * 
nos ""f, ? qUOt f d ? Table X > is c l ear that, of the solutions 

. ~ , those that completely prevent caramelisation, namely o and 7, 


Table I. 


Diluent 

No. 

Vol., 

c.cs. 

Glucose, 

Trisod. 

Cit., 

g* 

Ac. Cit., 

e- 

After autoclaving. 

pH. 

Colour 

arbitrary 

standard. 

Per cent, 
glucose 
lost. 

1 

no 

3 

3-0 

0 

5*86 

24 + 

13*5 


110 

3 

2-7 

0-3 

5*66 

4 + 

3*4 

3 

no ! 

3 

2-55 

0-45 

5*42 

2 + 

3*4 

/ 4 

no 

3 

2-25 

0-75 

4*89 

1 + 

2-5 

o 

no 

3 

1-95 

1-05 

4*59 


1*7 

6 

no 

3 

3-0 (Disod. Cit.) 

4-92 

1 + 

1-7 

7 

no 

3 

3-0 (Monosod Cit.) 

3-68 


1*0 

. 8 

120 1 

6 

! 

0*64 

0-36 

4*64 

•• 1 

0 


are not- so effective in delaying haemolysis as some of the less acid 
solutions. At tlie same time it will be noted that some of the latter 
(nos. 2, 3, 4, and 6) are even more effective in delajdng haemolysis than 
' * s *he M.R.C. solution. For this reason, and because with some of 
these solutions only very little caramel is formed, it was considered 
worth while to investigate their properties more fulty, together with 
those of solution no. 8, which both prevents caramelisation and also 
inhibits haemolysis satisfactorily. 


The Main Investigation of the Solutions Nos. 2, 3, 4, 

6, and 8. 

The chief criterion adopted was the survival in vivo of transfused 
red cells stored in the various solutions. To determine whether any 
toxic substances had been formed during the storage, the reactions of 
the recipients to the transfusions were carefully recorded. Estimations 
of the recipients’ alkali reserve before and after transfusion were made 
in a number of cases. In addition, when it became clear that the 
red cells of blood stored in these acidified solutions survived far better 
in vivo than those stored in the present alkaline M.R.C. diluent, an 
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In Tables VI and VII tlie results for solutions 2 and 8 and the 
M.R.C. diluent represent the actual figures found for potassium in the 
plasma diluent and an average of the figures found for inorganic 
phosphorus. In order that a direct comparison can be made the figures 
in the case of the Rous-Turner solution have been corrected to allow 
for the far greater volume of this diluent. The correction factor applied 
was obtained from the hematocrit estimations made upon blood stored 
in the Rous-Turner and M.R.C. diluents respectively. The inorganic 
phosphorus content of the cells was calculated from the plasma and 
whole blood figures and from the hematocrit reading. 

Glucose , — The glucose contents of the red cells and plasma diluent 
mixtures were estimated on 0*2 e.c. samples by Hanes’ [1929] method, 
the proteins being first removed as in Hagedorn and Jensen’s [1923] 
method. Packed cells were obtained by centrifuging the blood at 
3000 r.p.m. for one hour and removing all the supernatant plasma 
diluent and some of the top layer of cells every 10 minutes. 

Hmmolysis of Stored Cells in Fresh Serum . — To 4 c.c. of one-day old 
serum, heparinised and warmed to 37° C., was added 1 c.c. of the cool 
stored blood. The mixture was kept at 37° C. for 30 minutes and then 
centrifuged. The haemoglobin in the supernatant fluid was estimated 
by the same method as for the determination of spontaneous hsemolysis. 
In expressing the results allowance was made for the small amount of 
free haemoglobin already present in the plasma of the stored blood. The 
proportions of blood and serum were chosen to imitate crudely the 
conditions of an average transfusion of 1000 c.c. citrated blood. 

Results. 

In Vivo . 

The survival in vivo was estimated in 35 cases. The percentages of 
donor cells surviving at intervals after transfusion have been set out in 
Table IIa. As seen in this table, in the majority of cases blood stored 
in either solution no. 2 or no. 8 was used. The concentration of donor 
cells found immediately after transfusion has, as in a previous paper, 
been taken as a 100 per cent., so that the 24-hour figures may show an 
apparent increase due to a shift of fluid out of the blood-stream after 
transfusion. In cases in which survival was not estimated on exactly 
the day represented in the table, the appropriate figure was read off a 
graph after plotting from the observations available the percentage 
survival against the time after transfusion. In Table IIb the results 
are summarised and some figures for the survival of blood stored in the 
M.R.C. and Rous-Turner solutions have been included for comparison. 
These latter figures have been taken from the results of a previous series 
of trials [Mollison and Young, 1942], 

The survival of blood stored in solution no. 2 for 14 days is very 
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observed throughout the transfusion. Temperature and pulse readings 
wpre made at half-hourly intervals for the duration of and for tiro 
Lours after the transfusion. 

Alkali Reserve. — Tin's was estimated by the Conway method on 
whole blood samples collected under paraffin. In these cases whole 
blood rather than a concentrated red-cell suspension was used for 
transfusion. We are grateful to Hr. G. H. Gray for undertaking this 
part of the investigation. 


N In Vitro. 

The behaviour of blood from at least 3-4 donors was investigated 
in the case of each solution tested. To prevent the bottles becoming 
infected through frequent opening, the contents of each were partitioned 
with sterile precautions into a number of 1-oz. bottles immediately 
after the blood had been collected. An undisturbed bottle was therefore 
available for every test. 

Sponfa7ieo2ts Haemolysis. — This was determined in the supernatant 
plasma diluent mixture from well-mixed and well-spun samples by 
matching the colour against dilute haemoglobin standards. The results 
were expressed as a percentage of the total haemoglobin content of any 
given sample. 

Os?noti’c Fragility. — Median corpuscular fragility was estimated by 
the method of Dacie and Vaughan [1938]. All the precautions taken 
in the estimation of both spontaneous luemolysis and osmotic fragility 
may he found in a previous paper [Moliison and Young, 1942], 

Mean Corpuscular Yohime. — This was determined from red-cell 
counts and hematocrit estimations. 

pH Changes ~ These were determined on whole blood diluent 
mixtures at room temperature by means of a glass electrode. Dr. M. 
Heppenstall kindly undertook this part of the investigation for us. 

Formation of Inert Hcemoglobin Derivatives .* — Mr. R. J. Bromfield 
examined for us the plasmas and laked red-blood corpuscles, from 
blood stored for varying periods in diluents 2, 3, 4, 5, 6, and 8. A 
direct spectroscopic examination was made and in the case of plasma 
Schumnfis test was also performed. 

Estimations of methsemoglobin were also carried out on blood 
stored in diluents 2 and S and in the M.R.C. solution by AmmundseLs 
[1941] modification of the method due to van Slyke and Hiller. 

Potassmm . — Estimations were made on aliquots from trichloracetic 
acid filtrates of plasma by the method of Kramer and Tisdall [1921]. 
Three experiments were carried out and in each case blood from the 
same donor was taken into each of the solutions under investigation. 

Inorganic Phosphorus . — Determinations were made by Martland and 
Robison 5 s [1926] modification of Brigg’s method on aliquots from 
trichloracetic acid filtrates of plasma and whole blood. 
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Table IIl.—Sukvival w v/ro of Transfused Erythrocytes. Comparison of 
Results of Present Investigation with those of Previous Investiga- 
tion of M.R.C. Standard Solution and Rous-Turner Solution. 


. I 

No. of 
cases. 

Time of 

Percentage survival after transfusion. 

Preservative. 

storage 

(days.) 

At 

24 hours. 

At 

7 days. 

At 

21 days. 

At 

60 days. 

M.R.C. , 

15 

0-4 

104 

101 

86 

49 

IBM 

4 

13 (av.) 

88 

77 

60 

27 

IS? ' - ' 

22 

14 (av.) 

100 

93 

78 

38 

IHgESyyMH 

18 * 

14 (av.) 

100 

93 

82 

45 

M.R.C. . 

4 

20 (av.) 

80 

65 

46 

10 

Solutions 2, 3, 
and 6. 

4 

20 (av.) 

90 

79 

62 

31 

M.R.C. . 

1 

■ 

40 

32 

16 

0 

Solutions 2 and 8 

8 

K41&2J 

92 

82 

64 

33 

Rous-Turner 

4 

K 

83 

78 

50 

12 


* See Table IIa. Four atypical cases excluded. 


similar to that of blood stored in solution no. S, and the survival of both 
is markedly superior to that of blood stored in the M.R.C. solution for a 
similar period. Moreover, the survival of blood stored for approximately 
28 days in solutions nos. 2 and 8 appears to be slightly better even than 
that previously found for blood stored in the Rous-Turner diluent. 
Survival in a few of the cases was atypical and these will be discussed 
below. 

Solutions nos. 3, 4, and 6 were less fully investigated. The results 
were similar, though the impression is gained that the survival of the 
red cells after a given period of storage is slightly less good than with 
the other two solutions. 

Reactions . — Of the 10 cases given 500 c.c. to 1040 c.c. of whole 
blood 4 had reactions. Of 36 cases given 300 c.c. to 530 c.c. of con- 
centrated red-cell suspension 6 had reactions, see Table III. All 
these reactions were mild. 

Alkali Reserve . — In 5 cases the alkali reserve was estimated before 
and immediately after a rapid transfusion of 600-950 c.c. of blood 
stored for 12 to 13 days in solutions nos. 2 and 8. In 4 of the 5 cases 
a very small increase of alkali reserve was noted after transfusion, see 
Table IV. 

In Vitro. 

Spontaneous Hemolysis .— The results presented in Table V show 
clearly that the rate of haemolysis in diluents 2, 3, 4, 6, and 8 was 
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Tab'll IIa. — Individual Results. Survival ik viro of Transfused 

ERYTHROCYTES. 


Percentage survival after transfusion. 


Preservative, 



Solution 6 


Solution 4 


14 

98 

SG 

1G j 

98 | 

1 91 


Solutions 2, 3, 4, 
6, and 8. 

Do. do. 

(Cases * omitted) 



Solution 8 


Solution 3 


Solution 6 


* 4 cases in which elimination was unusually : 
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was only gradual and the rise from the initial values was found to he 
approximately equal for each diluent. 

Cells stored in Murray’s diluent no* 8 rapidly became very fragile to 
hypotonic solutions ; the fragility increased rather more rapidly during 
storage than in the other acid solutions. 

Mean Corpuscular Volume . — It was found that the mean corpuscular 
volume was increased by every solution immediately the blood was 



Fig. 1. — Osmotic fragility changes in stored blood. 

(The figures at the side of the graphs indicate the number of the diluent tested — 

see Table I.) 

taken into it. This change was more pronounced in the more acid 
solutions. There was very little change at the end of 4 weeks’ storage. 

pH Changes , — The results are represented in fig. 2. In the case of 
solutions nos. 2, 3, 4, and 6 it w r ill be seen that the initial reaction of the 
blood diluent mixtures ranged from pH 7*1 to pH 6*8, varying with the 
pH of the diluent, for the total quantity of electrolyte was roughly the 
same in each. The pH then fell slowly during 14 daj^s’ storage to 
pH 6*85 to 6*5 when equilibrium seemed to be established in every case. 
With diluent no. 8, in which the total electrolyte content was less than 
in the other solutions, the fall throughout storage was greater, from 
pH 7-15 to pH 6*6 in 21 days. 

Potassium. The results of experiments to determine the effects of 
diluents nos. 2 and 8 and the M.H.C. and Bous-Turner diluents upon the 

frVtiSH 
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definitely slower than in the M.R.C. solution. All these solutions were 
about equally effective in decreasing the rate of hasmolysis during 
storage. 17 

Table HI. — Transfusion Reactions. 


Transfusion 

fluid. 

No. of 
cases. 

No 

reaction. 

Reaction. 

Pyrexia, 

> 100 ° F. 

Rigor. 

Symptom- 

less 

urticaria. 

Vomiting 

muscle 

pain. 

Whole blood . 

10 

6 

2 

0 

2 * 

0 

Cone , red coll 

30 

30 

4 

2 

1 

! 2 

susp. 








* One case complained of itching. 


Table IV. — Alkabi Reserves . 


Diluent 

no. 

Days of 
storage. 

W hole 
blood 
given, c.c. 

. . .. 

Time of 
transf. 
in mins. 

Alkali reserve 
(vol. CO 2 per cent.). 

Before 

transf. 

After 

transf. 

2 

13 


35 

49 

55 

2 

12 

950 | 

80 

59 

58 

2 

13 


75 


65 

8 

13 


90 

62 

68 

8 

12 

950 

50 

56 

58 


Table V. — Spontaneous TLemolysis. 


Diluent. 


Per cent, hsemolysis. Time of storage in days. 


0. 

n 

14. 

21. 

28. 

35. 

M.R.C. . 



0-1 

0-3 

0*6 

1-5 

4*4 

Rous -Turner 



0 

0 

0*2 

0*3 

0*6 

Diluent no. 2 . 



0 

0-2 

0*3 

0-G5 

1-60 

„ „ 4 . 



0 

0-1 

0*3 

0*5 


„ „ 6 . 



0 

0-2 

0*3 

0*5 


„ „ 8 . 



0 

0*2 

0*3 

0*5 

1*4 


Osmotic Fragility . — When blood was taken into the acid solutions 
2 4 and 6, the me chan corpuscular fragility was immediately increased, 
see fig. D The more acid the solution the greater was the observed 
increase. The progressive increase in osmotic fragility during storage 
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7*35, lost potassium rapidly and at approximate^ 7 the same rate as 
erythrocytes preserved in the M.R.C. solution. 

Inorganic Phosjrfiorus. — This increased progressive!} 7 in the er 3 7 thro- 
cytes of blood stored in the M.R.C. solution and a small rise was also 


Table VII. — Changes in Inorganic Phosphorus during Storage — 

EXPRESSED AS Mg. PER CENT. 

(Average figures for three experiments.) 


Diluent. 

Cells. 

Plasma-Diluent. 

Time of storage in days. 

Time of storage in days. 

0. 

7. 

14. 

21. 

0. 

B 

14. 

». 

M.R.C. . 

3-3 

6-3 

19*4 

25-1 

1*5 

2-3 

2*6 

4*0 

Rous-Tumer . 

6-0 

11-5 

16-5 

19-7 

2*0 

2-9 

3*8 

4*9 

Diluent no. 2 . 

8-2 


26-5 

30*0 

n 

2*8 

3*2 

4*4 

>j j, 4 . . 

6-5 


24-5 

33*0 

mm 

4-0 

5*5 

7*0 

»» j, 6 . 

8*5 

10-5 

27-0 

34*0 

H3 

4*5 

5*2 

6*5 

>> j. 8 . . 

7-5 

11-0 

20-0 

27-0 

mm 

4*1 

4*7 

6*2 







■ 



■■■ 


Table VOX — Changes in Total Glucose Content of Stored Blood — 
Results expressed as G. per cent. 


Rous -Turner. 



9 /Cells 
4 \Plasi 


.Plasma -diluent 


o / Cells 
TPlasr 


Plasma -diluent 


found in the plasma, see Table VII. Increasing the acidity of the 
blood diluent mixture increased the rate of hydrolysis of cell ester 
phosphorus and increased the rate of appearance of inorganic phosphorus 
in the plasma. In the Rous-Turner diluent the changes took place 
rapidly during the first fortnight’s storage and thereafter more slowly. 

Glucose . — From the results summarised in Table VIII it will be 
seen that glycolysis took place in both the cells and plasma of blood 




































194 


Lou tit, MoUison, and Young 

extent of permeability to cations, as represented by potassium leakage 
ft om tie cells, are tabulated in Table VI. It would appear that decrease 
of the initial pH of a blood diluent mixture from 7*45 to 7*15 retards 



Fig. 2. — pH changes in stored blood. 

(The figures at the side of the graphs indicate the number of the diluent tested — 

see Table I.) 


Table VI. — Changes in Plasma Potassium — expressed as Mg. pur cent. 

in Plasma 'Diluent, 

(Actual figures in three experiments.) 


■ 






Diluent. 










i 



f 



1 




Present M.R.C. 

J Rous-Tumer. 

Diluent no. 2. 

| Diluent no. b. 

M 

a). 

(2). 

(3). 

(i). 

(2). 

(3). 

(i). 

(2). 

(3). 

(i). 

(2}> 

(3). 

0 

14*1 

13*1 

12*1 

18-1 

21-0 

17*3 

15*2 

12*6 

13*8 

16*0 

12*2 

14*1 

7 

98 

96 

105 

96 

105 

101 

76 

SO 

86 

65 

80 

80 

14 

121 

118 

136 

131 

138 

121 

96 

105 

99 

87 

105 

90 

21 

146 

136 

142 

149 1 

142 

138 

1 21 

118 

127 

1 02 

126 

121 

28 

150 

145 

150 

157 

150 

156 

141 

135 

130 

126 

132 

144 


the leakage of potassium, for not only does the plasma potassium rise 
more slowly but the value attained at 2S days is lower. Cells stored in 
Rous'Turner solution, the initial pH of the blood diluent mixture being 
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transfused to them [Wiener and Peters, 1940]: Further support was 
provided by the examination of the record of a case reported by Dacie 
and Molhson [1943]. In this, diminished survival was found in one 
subject out of a group of 6, all of whom were suffering from the same 
variety of anemia. This one subject proved to be Rh negative and it 
was shown that both donors w r ere Rh positive. The donor blood 
survived well initially, but was then eliminated far more rapidly than 
in the other 5 cases, destruction being complete by the 60th day. , 
Examination of this recipient’s serum shortly afterwards revealed the 
presence of weak anti-Rh agglutinins. This case presents certain 
similarities to the anomalous eases in the present series. However, 
when the other cases in the present series were investigated, it was 
found that 2 out of 3 of them were Rh positive (the third subject was 
not available for testing). No definite opinion can therefore be given 
as to whether the unusually rapid elimination of these four cases was 
caused by some abnormal hemolytic mechanism in the recipients or by 
the production of specific immune antibodies. 

It has been thought that blood stored in acid or caramelised preser- 
vatives might be “ toxic. 35 However, the reactions encountered in 
this series of transfusions were not qualitatively or quantitatively 
different from those seen by us when using blood stored in the M.R.O. 
diluent. One case received without reaction in 90 minutes 800 c.c. 
of whole blood stored for 7 days in solution no. 5 (probable pH 6*45). 

In the 5 cases receiving whole blood at a relatively rapid rate, there 
was no lowering of the alkali reserve. Wurmser et al . [1942] report 
similar findings. It is interesting to note that de Souza and Hocldng 
[1935] showed, that intramuscular injection of both sodium citrate and 
citric acid produced a marked rise in the alkali reserve in the cat. 

So far as is known, no evidence has been produced to show that 
the intravenous injection of caramel is in any way dangerous to man. 
In guinea-pigs Hanzlik and Karsner [1924] found ho reaction after 
the intravenous injection of large quantities (3 c.c. of a 0-5 per cent, 
solution), though at autopsy distension and congestion of the lungs 
with hemorrhages were found. It should be noted that the authors 
found the same changes after the intravenous injection of 1*2-2 c.c. 
of 2-5 per cent, sodium citrate solution. Moreover, the animals 
given citrate solution reacted with marked symptoms and two died 
promptly. Under the conditions of their experiment, therefore, it 
would appear that caramel was less toxic than sodium citrate. 


Formation of Inert Hemoglobin Derivatives fairing Storage . 

Brooks^ [1931] found that at 25° C., in the presence of oxygen, 
hemoglobin solutions were readily converted into inethemoglobin at 
pH 7*04 and pH 6*67, but that the temperature coefficient was high; 
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stored in the four solutions studied and, further, that glucose ^ras 
broken dorm in tlie cells more rapidly than in the plasma. The changes 
talcing place were similar in diluents nos. 2 and 8 to those occurring in 
the M.R.C. solution. 

Formation of Haemoglobin Derivatives . — Direct spectroscopic ex- 
amination failed to reveal the bands either of methmmoglobin in the 
laked red cells or of methmmalbumin in the plasma of any of the bloods 
examined at the end of 5 weeks’ storage. Plasma from blood stored in 
solutions nos. 6 and S for 1 month, however, gave a positive Schumm’s 
test. 

Blood stored in diluents nos. 2 and 8 was found after 30 to 39 days 
to contain 0*8 to 3*4 per cent, of methmmoglobin. Similar quantities 
were also found in blood stored in the M.R.C. solution. 

Hcemolysis of Stored Cells in Fresh Serum . — With blood stored for 
4 weeks or less, no detectable hmmolysis occurred under the conditions 
of the experiment. 

Discussrox. 

From the results of the survival tests in vivo it is apparent that 
these citric acid-sodium citrate-glucose mixtures are far better preser- 
vatives than the alkaline M.R.C. sodium citrate-glucose mixture. This 
superiority is quite distinct when the period of storage is 14 days and 
is even more pronounced when the period of storage is 28 da} T s. 

In a previous paper [Mollison and Young, 1942] it was mentioned 
that with a given preservative and a given length of storage there 
appeared to be little variation in survival between one case and the 
next, provided that the recipient was suffering from a simple secondary 
anmmia. In the present series of cases, however, although, as will be 
seen from Table IIa, survival is consistent in the majority of cases 
within the various groups, there are 4 cases in which survival was 
distinctly shorter. In these cases survival was not significantly below 
the average for cases in the group for the first 7-21 days after trans- 
fusion, hut thereafter there was a rapid falling off so that elimination 
was virtually complete at the end of 40-60 days. This type of elimina- 
tion is in distinct contrast with that usually found after the transfusion 
of old stored blood, in which initial destruction is rapid, but in which 
some of the transfused • cells may survive for long periods [Mollison and 
Young, 1940]. 

Because of the initially good survival and later rapid destruction 
in these four anomalous cases, it was considered that the slow production 
of immune antibodies to some blood-group factor contained in the 
donor’s erythrocytes might be responsible. This supposition appeared 
to be supported when the first of the four subjects to be investigated 
was found to be Rh negative, since it is now known that such subjects 
are liable to form immune antibodies when Rh positive blood is 
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transfused to them [Wiener and Peters, 1940], Further support was 
provided hy the examination of the record of a case reported by Dacie 
and Mollison [1943]. In this, diminished survival was found in one 
subject out of a group of 6, all of whom were sutfering from the same 
variety of anaemia. This one subject proved to be Rh negative and it 
was shown that both donors were Rh positive. The donor blood 
survived well initially, but was then eliminated far more rapidly than 
in the other 5 cases, destruction being complete by the GOth day. , 
Examination of this recipient’s serum shortly afterwards revealed the 
presence of weak anti-Rli agglutinins. This case presents certain 
similarities to the anomalous cases in the present series. However, 
when the other cases in the present series were investigated, it was 
found that 2 out of 3 of them were Rh positive (the third subject was 
not available for testing). No definite opinion can therefore be given 
as to whether the unusually rapid elimination of these four cases was 
caused by some abnormal hmmolytic mechanism in the recipients or by 
the production of specific immune antibodies. 

It has been thought that blood stored in acid or caramelised preser- 
vatives might be “ toxic.” However, the reactions encountered in 
this series of transfusions were not qualitatively or quantitatively 
different from those seen by us when using blood stored in the M.R.C. 
diluent. One case received without reaction in 90 minutes 800 c.c. 
of whole blood stored for 7 days in solution no. 5 (probable pH 6*45). 

In the 5 cases receiving whole blood at a relatively rapid rate, there 
w as no lowering of the alkali reserve. Wurmser et al. [1942] report 
similar findings. It is interesting to note that de Souza and Hocking 
[1935] showed that intramuscular injection of both sodium citrate and 
citric acid produced a marked rise in the alkali reserve in the cat. 

So far as is known, no evidence has been produced to show that 
the intravenous injection of caramel is in an}?- way dangerous to man. 
In guinea-pigs Hanzlik and Karsner [1924] found ho reaction after 
the intravenous injection of large quantities (3 c.c. of a 0-5 per cent, 
solution), though at autopsy distension and congestion of the lungs 
vdtk haemorrhages were found. It should be noted that the authors 
found the same changes after the intravenous injection of 1*2-2 c.c. 
of 2-5 per cent, sodium citrate solution. Moreover, the animals 
given citrate solution reacted with marked symptoms and two died 
promptly. Under the conditions of their experiment, therefore, it 
would appear that caramel was less toxic than sodium citrate. 


Formation of Inert Hmmoglobin Derivatives during Storage . 

Brooks [1931] found that at 25° C., in the presence of oxygen, 
smog o m solutions were readily converted into methmmoglobin at 
P an pH 6*67, but that the temperature coefficient was high; 
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therefore it seemed unlikely that much would be formed at 4° G. In the 
presence of the reducing substance glucose. As has been stated, no 
metbmmoglobm could be demonstrated spectroscopically; Harrison 
[1937] quotes Bloem’s statement that 0*3 per cent. meth&moglobin 
can be detected in the presence of large quantities of hsemoglobui, 
though Ammundsen [1941] considers that 15-20 per cent, must be 
present before it can be identified spectroscopically. The 0*S~34 per 
cent, methaemoglobin found by the method of Van Sfyke and Hiller in 
blood stored in diluents nos. 2 and S and in the M.R.C. solution is very 
small and, moreover, such values were often found by Ammundsen 
in the blood of normal subjects. 

Changes in the Properties In Vitro and their Relation to Survival 

In Vivo. 

The results confirm the findings of Cotter and MoNeal [1938], 
Maizels and Whittaker [1940], and Wurmser et al. [1942], that haemolysis 
is inhibited by increasing the hydrogen ion concentration of a blood 
diluent mixture. They also agree with the results of Maizels [1935], 
Jeanneney and Servantie [1939], and Scudder and Smith [1940], that 
potassium leakage is inhibited by a certain increase in hydrogen ion 
concentration. Even more striking is the demonstration that the 
survival in vivo of blood stored in acid solution is equal or superior to 
the survival of blood stored in the Rous-Turner mixture which had 
previously been sho^vn to be superior to the current M.R.C. solution. 
The rates of haemolysis in acid solutions are similar to the rate of 
hemolysis in the Rous-Turner mixture, all shoving less than 1 per cent, 
haemolysis after 28 days* storage, against the 1*7-2 per cent, exhibited 
by the M.R.C. solution. In a previous paper [Mollison and Young, 
1942] it was shown that inhibition of hemolysis may be a fallacious 
guide to the state of preservation of biological activity of the erythrocytes 
as judged by their subsequent survival in vivo. The test, however, 
could have a negative value, for solutions in which rapid hemolysis took 
place had always to be rejected. This conclusion agreed with an earlier 
warning of Maizels and Whittaker [1940] that a solution which delayed 
haemolysis in vitro might prove to have little effect in prolonging survival 
in vivo. In view of the rates of haemolysis compared above, it is sug- 
gested that a more specific statement could be made to the effect that 
if more than 1 per cent, hemolysis is present after 21 days’ storage, then 
the solution under trial is not likely to be better than the M.R.C. diluent. 

Changes in the osmotic fragility^ of stored red cells were shown 
previously to be a very fallacious guide to their state of preservation. 
The additional data from the acid solutions emphasise again that there 
is no constant relationship between osmotic fragility and subsequent 
cell survival in vivo . 
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In tlie body, a difference in the relative proportion of the bases 
sodium and potassium exists between the cells and the plasma. 
Potassium is the predominant base in the erythrocytes and little or no 
sodium is thought to be present; sodium, on the other hand, pre- 
dominates in the plasma and the concentration of potassium is only 
about l/20th of that found in the erythrocytes. In vitro, the erythrocyte 
membrane becomes permeable to cations and thus the red cells gain 
sodium and lose potassium, while at the same time the plasma loses 
sodium and gains potassium. One might suppose that if the in vivo 
relationship could be maintained' or its disturbance limited during 
storage, the erythrocytes would survive in a recipient for longer periods. 
The experiments to test this hypothesis were disappointing, for, 
although in the acid solutions tested the leakage of potassium was 
definitely decreased, erythrocytes stored in the Rous-Turner diluent 
lost potassium at the same rate as in the M.R.C. solution. Scudder et al. 
[1939] also found that leakage of potassium was rapid from erythrocytes 
kept in the Rous-Turner solution. 

It would appear, therefore, that the relationship of the cations in 
the body is not related to the maintenance of the integrity of the red- 
cell membrane, but that the red cell acts as a vehicle for potassium in 
some general metabolic function. The results of Maizels and Patterson 
[1940] would indicate this, for they showed that stored red cells which 
have acquired sodium lose it against a high concentration gradient 
when they are transfused to a recipient and yet continue to survive 
well in the recipient’s circulation. 

In the body, a balance also exists between the breakdown of ester 
phosphorus to inorganic phosphate and its resynthesis. Outside the 
body, the same processes persist for a time. Guest [1932] in short-term 
experiments showed that the inorganic phosphate content of the cells 
' does not rise until the blood glucose is completely broken down. 
Martland [1925] found that synthesis of ester phosphorus takes place 
above pH 7-35 and hydrolysis below pH 7-29; glycolysis accompanied 
the synthesis above pH /*35, while the changes occurring in the glucose 
when the pH was below 7-3 were insignificant. With longer periods 
of storage Aylward, Mainwaring, and Wilkinson [1940] demonstrated 
that the addition of glucose to blood stored in sodium citrate significantly 
decreased the rate of hydrolysis of ester phosphorus within the red cells. 
Maizels [1941 6] confirmed this and suggested that the resynthesis of 
ester phosphorus was permitted by the added glucose ; in its absence 
the small amount of glucose normally present was rapidly broken down 
and thus resynthesis of ester phosphorus could not occur. 

It was therefore of great interest to test whether this beneficial 
effect of added glucose on the hydrolysis of ester phosphorus would be 
present with the Rous-Turner and acid diluents. Wurmser et al. [1942] 

had already shown that breakdown of blood sugar was reduced in acid 
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solutions ; Mainland’s results suggested that the liydrolysis of phosphoric 
ester would be increased in acid solutions, but it was possible that the 
presence of added glucose would counteract this. In point of fact, as 
has been noted, the breakdown of glucose in the red cells of blood 
stored in diluents nos. 2 and S was practically the same as that found 
with the M.R.C. solution, but inorganic phosphate was released in the 
acid diluents at a rate comparable until that taking place in blood stored 
without glucose. Glycolysis was most rapid in the Rous-Tumer diluent, 
while the rate of ester phosphorus breakdown was comparable with 
that taking place in the acid diluents for the first fortnight- and then 
decreased. The maintenance of a norma] balance of hydrolysis and 
synthesis of ester phosphorus does not thus seem necessarily to he a 
property of a good blood preservative. 

Practical Application of Results. — The results reported above form 
good ground for the recommendation of certain citric acid-sodium 
citrate-glucose mixtures as blood preservatives. Their advantages 
over previously described solutions may be summarised as follows:— 

1. The entire solution can be autoclaved without producing gross 
discoloration. 

2. The preservative effect as judged by survival tests in vivo is 
considerably 7 better than that of the standard M.R.C. trisodium citrate- 
glucose solution. Thus, survival after 14 days’ storage is practically 
as good as that of fresh blood instead of showing a definite falling off 
(as is the case with blood stored in the M.R.C. solution). Even after 
2S days’ storage, the erythrocytes of blood stored in these acid solutions 
are not rapidly destroyed, in fact approximately 60 per cent, surnva 
is found at the end of 21 days after transfusion. This survival rate is 
admittedly but little better than that of blood stored in the Rous- 
Turner solution. However, the latter is so bulky that it has general!} 7 
been regarded as impracticable, particularly when the plasma of store 
blood is to be salvaged. 

It may be pointed out that none of the solutions tested in tins 
series combines the merits of all. For instance, solutions nos. 2, 3, 
4, and 6 become definitely discoloured on autoclaving. Solution no. 8 
does not become discoloured on autoclaving but contains so little citrate 
that clotting is liable to occur unless meticulous care is taken during 
the collection of the blood. Nevertheless, many possible combinations 
of sodium citrate, citric acid and glucose remain, and tests are pro- 
ceeding. 


Summary. 

1 Certain citric acid-sodium citrate-glucose mixtures have been 
tested and found to be satisfactory for use as blood preservatives. The 
use of these solutions is recommended for the following reasons:— 
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(a) Red cells stored in these solutions survive better in the recipient's 
circulation after transfusion than when stored in any other 
solution yet tested. 

{b) The whole mixtures can he autoclaved with the production of 
little or no caramel. 

(c) The transfusion of blood stored in these solutions has not been 

accompanied by the production of any untoward results. 

(d) The amount of methsemoglobin formed when blood is stored 

with these solutions is not significantly greater than the 
amount formed when the usual trisodium citrate-glucose 
solution is used. 

2. The rates of release of inorganic phosphorus, of potassium shift, 
of glycolysis, of haemolysis and of alteration in the osmotic fragility of 
blood stored in these solutions and in the Rous-Tnrner and standard 
M.R.C. citrate-glucose solutions were investigated. The changes 
observed were not found to be correlated with the ability of the 
erythrocytes to survive in vivo after transfusion, except that in this 
series delay in haemolysis was associated with improved survival 
in vivo . 

We should like to thank Mr. R. J. Bromfield, Dr. C. H. Gray , and 
Miss M. Heppenstall for carrying out some of the tests in this investiga- 
tion; Dr. M. Maizels and Dr. M. M. Murray for advice; the Medical 
Superintendents of Kingston County and St. Helier Hospitals for 
access to suitable cases; and British Drug Houses Ltd. for supplies 
of reagents. 
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THE HISTOLOGY OF THE ISOLATED PERFUSED LUNG. By 
0. A. Trowell. From the Physiology Department, University 
of Edinburgh. 

{Received jor publication 2 3rd May 194:3.) 

This paper is an account of the histological changes found in dogs’ 
lungs which had been isolated from the body and perfused with heparin- 
ised blood under negative pressure ventilation for a period of 31- to 
7 hours. The perfusion technique has been fully described by Daly, 
Hebb, and Petrovskaia [1 941]. The lungs were examined in 20 perfusion 
experiments, in most cases both the right and left lungs were taken, 
making a total of 34 lungs examined in all. The lungs of 5 normal 
dogs removed under cliloralose or nembutal anaesthesia served as 
controls. 

Histological Methods. 

From each lung three samples, each about 4 cm. 3 , were cut out and 
fixed in 8 per cent, neutral formol saline. The samples were taken 
from different parts of the lung in different experiments and collec- 
tively, in the whole series, they covered practically all parts of the 
lung from the root to the pleura. No attempt was made to assess 
the relative distribution of the changes in the different parts of the 
lung, but the survey was sufficiently wide to give a general picture of 
the perfused lung and to include any changes which might have been 
localised to particular regions of the lung. Formol saline gave satis- 
factory fixation. Other fixatives — Bouin, Susa, Zenker, Carnoy, 
mercuric chloride-formol — gave no better, and in most cases inferior, 
results. 

After fixation the pieces were trimmed down to about 1 cm. 3 . 
Paraffin sections were made, using dioxane and vacuum embedding. 
In some cases frozen and celloidin sections were also made. 

With regard to the staining of paraffin sections, ordinary H and E 
proved rather inadequate especially in respect of the alveolar walls, 
the walls of small blood vessels and the recognition of extravascular 
red cells. Mallory’s, Heidenliain’s Azan and Masson’s Trichrome 
methods were all too coarse. The folio wing three methods all gave 
good results: (1) Hcemalum and Biebrich Scarlet, (2) Celestin Blue 
and van Gieson, (3) Hsemalum, Aurantia, and Aniline Blue. This 
last method has been described elsewhere [Marshall and Trowell, 1943], 
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and can "be especially recommended as a general purpose stain for the 
lung; it was in fact originally devised for this purpose. Frozen and 
celloidin sections do not permit of very precise selective staining, and 
a general stain, such as Hollander Clilorocarmine, gave the best results. 


Some Histological Features of the Normal Dog's Lung . 

The normal control lungs showed a few features which seem worthy 
of mention, if onty to point out that tliej^ are not the result of perfusion.' 

1. The bronchial walls contain rather more connective tissue than 
is the case in other species (rat, mouse, guinea-pig, rabbit, monkey, 
man). The bronchial glands mostly have very large lumina with 
flattened secreting cells. The bronchial epithelial cells often contain 
quite large fat droplets. 

2. Compared with other species, the alveolar ducts (of Miller) are 
very prominent in sections, owing to their greater length and well- 
developed muscular wall. 

3. The alveolar macrophages generally contain a good deal of 
carbon and are therefore readily recognised. In nearly all the lungs 
examined (both normal and perfused) small areas were found in which 
the alveolar macrophages were greatly enlarged, the cytoplasm being 
filled with small lipoid droplets staining with Sudan IV. Many of 
these cells were binucleate ; the nuclei were usually very pale staining, 
but sometimes pylmotic. These cells were mainly restricted to small 
foci scattered throughout the lung and were accompanied by no other 
pathological change. They occurred in the alveolar wall, but more 
commonly as rounded cells lying free in the alveoli; often several 
adjacent alveoli were entirely filled with them. These lipoid-filled 
macrophages found in the lungs of apparently normal dogs seem to 
correspond to the “foam cells 55 of human pathology, where they are 
associated with chronic inflammation, and they probably have the 
same significance here. 

4. In paraffin sections the arteries are always surrounded by an 
artifact shrinkage space and the outer part of the adventitia is usually 
somewhat torn up. This shrinkage space was not found in celloidin 
sections and so it appears to he due to paraffin. A similar but less 
extensive periarterial space was often found in frozen sections, but 
here it was due to tearing of the loose perivascular connective tissue 
during the cutting or subsequent handling of the sections and could 
be avoided by taking suitable precautions. It seems that this peri- 
arterial zone is a region of mechanical weakness in the lung, the peri- 
vascular connective tissue and the outer layers of the adventitia being 
very readily torn. This point will be referred to again later in con- 
nection with the perfused lung. There was no homologous shrinkage 
space round the bronchi or veins. 
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Histological Changes in the Perfused Dog's Lung . 

A. Constant Changes (i.e. present in some part or other of every 
lung). — These changes were all confirmed in frozen and celloidin sections. 

1. (Edema , manifest histologically by — 

, (i) Alveolar Exudate . — In many parts of the lung the alveoli, were 
wholly or partly filled with a homogeneous, lightly staining, 

. basophilic exudate (figs. 1, 2). Occasionally the exudate was 
finely granular hut it never contained fibrin or red cells. With 
aniline blue - orange G the exudate stained predominantly 
blue; according to Short [1041] this indicates a protein content 
of less than 1 per cent. Taken as a whole the histological 
evidence points to a low protein content of the exudate, 
comparable to that of oedema fluid elsewhere, 

(ii) Distension of Periarterial Lyrwpha tics .—Around many of the 
arteries the perivascular lymphatics were considerably dis- 
tended, the lymphatic vessels being filled with cell-free fluid 
similar in staining reactions to the alveolar exudate (figs. 1, 3). 
Rarely the perivenous lymphatics were similarly distended, 
but the peribronchial never. In fact the peribronchial 
lymphatics could rarely he recognised in any sections of the 
dog’s lung, normal or perfused, though according to Miller 
[1937] they are even more numerous than the periarterial. 
The subpleural lymphatics were sometimes slightly distended 
with fluid. The periarterial lymphatics had a distinct and 
definite wall; they were not confused with the periarterial 
shrinkage spaces which occur in paraffin sections. They were 
most clearly seen in celloidin sections, for here there are no 
artifact shrinkage spaces. 

(iii) (Edema of Arterial TFa&s. — In a few arteries the collagen bundles 
of the adventitia and perivascular connective tissue were 
separated by interstitial collections of oedema fluid (flg. 2). 
This was not a very frequent finding and was not found in 
every lung. 

In connection with the oedema it should he mentioned that the 
lungs never showed any congestion; the vessels, including the capil- 
laries, were of normal size and filling. The lumina of the bronchi and 
bronchioles sometimes contained a little oedema fluid, but for the most 
part were quite free from exudate or debris. 

2. Periarterial and Peribronchial Hcemorrhage . — Many of the pul- 
monary arteries were surrounded by a zone of red cells lying free in the 
periarterial connective tissue, which was disrupted. Around such 
arteries distended periarterial lymphatics could often he recognised, 
but the usual shrinkage space was not pz'esent (fig. 3). When the 
haemorrhagic zone was narrow, the red cells were strictly periarterial 
in position. W hen the hamiorrliagic zone was wider, red cells were 
found infiltrating the adventitia of the artery and also extending round 
the adjacent bronchus, tracking round in the peribronchial connective 
tissue, often completely surrounding the bronchus (fig. 4), and in severe 
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cases infiltrating the whole thickness of the bronchial wall right in to 
the epithelium. The appearances indicated that the haemorrhage was 
primarily periarterial in position and that, when extensive, it spread 
round the adjacent bronchus and also into the arterial and bronchial 
walls, the final picture in severe cases being a general haemorrhagic 
infiltration of the whole broncho -arterial tract. This hremorrhagic 
condition of the broncho-artexdal tracts coidd be clearly seen on naked- 
eye examination of the cut surface of the fresh lung — it extended for 
considerable distances along the tracts. The periarterial haemorrhage 
was most frequently met with, and was, relative to the size of the 
artery, most extensive in arteries of 0-2-0-5 mm. internal diameter; 
of such vessels, in any one lung, usually more than half the total nurnutr 
were affected. It also occurred in larger arteries, even in the main 
branches at the root of the lung. It was uncommon in arteries below 
0*15 mm., and was never found in arteries below 0*1 mm. or in arterioles. 
The diameters given refer to measurements on paraffin sections. 

3. Collection of Polymorphonuclear Leucocytes in Small Blood Vessels. 
— In many parts of the lung large numbers of polymorphs were present 
in the capillaries and venules; often the lumen was entirely filled with 
polymorphs to the exclusion of red cells. In the capillaries the poly- 
morphs occurred singly and also in groups of two to six (fig. 6). On 
the whole the greater number seemed to be in the venules; here they 
often occurred in large masses, completely filling the vessel (fig. *5). 
Occasionally polymorphs were seen in an arteriole, hut this was un- 
common. In all cases the polymorphs were separate and discrete 
and of normal appearance, there was no evidence of clumping or dis- 
integration. In one experiment in which the vessels were washed 
through with saline at the end of the perfusion , no polymorphs were 
found on subsequent histological examination of the lung. In two 
experiments in which the Jung was perfused for only a few minutes, 
the heparinised blood being passed through only once, polymorphs 
were found in the usual numbers. These experiments indicate that 
the polymorphs are removed from the circulating blood at an early 
stage in the perfusion, that they remain in, and probably obstruct, 
some of the vessels throughout the perfusion, but they can readily 
be dislodged by saline perfusion. 

The fact that polymorphs disappear from blood perfused through 
an isolated lung was discovered by Bickford and Winton [1924], hut 
the}^ did not follow up the fate of the polymorphs. In the perfusion 
experiments which provided the material for the present investigation, 
leucocjffe counts were made at intervals on the circulating blood and 
the findings of Bickford and Winton were confirmed. The number 
of polymorphs rapidly decreased in the early stages of the perfusion 
and thereafter more slowly, but progressively, throughout the experi- 
ment These findings will he reported in detail elsewhere; the point 
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of interest here is that the disappearance of the polymorphs from the 
circulating blood can be accounted for by their accumulation in large 
numbers in some of the small vessels of the lung, particularly the 
venules. Why the polymorphs should stick in the small vessels has 
not been discovered. vSome evidence was obtained that under -the 
artificial conditions of perfusion the polymorphs in the circulating 
blood clumped together, in a 'manner analogous to the agglutination 
of red cells ; such clumped masses of polymorphs would doubtless act 
as emboli and stick in the small vessels of the lung. The difficulty of 
this interpretation, however, is that the larger masses of polymorphs 
were found in the venules, not the arterioles. An alternative explana- 
tion would he that primarily the polymorphs adhere to the walls of 
the vessels and later also to each other. If this were so the accumulation 
might be expected to start in the venules rather than the arterioles. 
Histologically, however, there was no evidence of any concentration 
of the polymorphs against the walls of the vessels (figs. 5, 6). 

4. Dilated Bronchi and Bronchioles. — In the normal controls, as is 
usual, the bronchial epithelium was highly convoluted. In the perfused 
lungs these convolutions were largely smoothed out and the lumen 
correspondingly wider. The convoluted epithelium and small lumen 
of the bronchi and bronchioles seen in sections of normal lung is due 
to post-mortem contraction of the bronchial muscle and does not 
represent the condition in vivo. The comparatively dilated state of 
the bronchi and bronchioles in histological sections of the perfused 
lung therefore does not prove that the bronchial tree is actually more 
dilated in the perfused lung than in the normal animal, but it does 
suggest a loss of tone or reactivity on the part of the bronchial muscle. 
This is to be expected, because in these experiments the bronchial 
circulation was not perfused. 

5. Vascular Congestion of Bronchial Walls. — In most of the per- 
fusions the venous outflow was collected by means of a canula tied in 
the left auricle. In all such experiments the blood vessels in the 
bronchial wall, especially the capillaries and venules, were greatly 
dilated and filled with blood. In other experiments the pulmonary 
veins were slit widely open and the outflow collected by drainage; in 
such cases the bronchial vessels were collapsed and generally empty. 
It seems likely that in the former experiments the canula imposed 
some degree of obstruction causing a rise of pulmonary venous pressure 
and a back flow of blood into the bronchial circulation from the region 
of capillary anastomosis of the bronchial and pulmonary circulations. 

6. Alveolar Walls , Bronchial Epithelium, Vascular Endothelium 
showed no change as compared with the controls. 

B. Occasional Findings. — In two experiments a single pulmonary 
artery was found filled with and distended by an amorphous mass 
o non-cellular material, apparently protein in nature but histologically 



208 


Troiyell 


not fibrin. In one case the mass contained a good number of diphtheroid 
bacilli. It was probably debris or dirt picked up from the perfusion 
apparatus. In two other experiments an area of lung was found in 
which the capillaries were entirely empty of blood and the arteries 
and arterioles contained plasma only. This was probably an area 
which escaped perfusion, possibly owing to arterial blockage similar 
to that described above. 

The three main changes described — namely the oedema, the peri- 
arterial haemorrhage, and the intravascular collection of polymorphs — 
were always patchy in distribution, none of them was ever present 
throughout the whole lung, and generally some areas could he found 
which were quite free from any of these changes. As far as could be 
judged the distribution of these changes was quite random and they 
were unrelated to one another. For instance, massive periarterial 
haemorrhage was often found in parts of the lung which were quite 
free from oedema, and there wvas certainly no relation between the 
distribution of polymorphs and that of alveolar exudate. The bronchial 
dilation and the bronchial congestion (when present) were always 
uniform throughout the lung. 


Discussion. 

The histology of the perfused lung does not appear to have been 
previously described. Histological changes in the lung of the heart- 
lung preparation have been described, and it is interesting to compare 
them -with those found in the perfused lung. Lambert and Gremels 
[1926] used the dog’s heart-lung preparation with defibrinated blood. 
Their preparations only survived 4 hours or less, the terminal event 
in all cases being the rather sudden onset of acute oedema of the lungs 
(froth pouring from the trachea). In the isolated perfused lung, using 
heparinised blood, oedema of this severity does not occur, even after 
7 hours’ perfusion; such oedema as does occur is relatively mild, patchy 
in distribution, and develops slowly during the course of the experi- 
ment. Lambert and Gremels found the following histological changes 
in the lungs after the onset of the acute oedema: (1) damage to vascular 
endothelium as evidenced by absence, poor staining or fragmentation 
of the endothelial nuclei in arteries, capillaries, and veins; (2) swelling 
of the “cells in the walls of the arteries and veins ” (presumably muscle 
fibres and fibroblasts); (3) swelling and desquamation of bronchial 
and alveolar epithelium; (4) the alveoli were filled with desquamated 
cells and amorphous masses — quite different from the coagulated 
fluid found in human pulmonar}^ oedema; (5) the arterioles were sur- 
rounded by a cuff of red cells, which they attributed to diapedesis 
through the arteriole wall. Strictly speaking none of these changes 
was met with in the isolated perfused lung; it is true that alveolar 
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exudate occurred, hut it was a different sort of exudate, and that 
periarterial haemorrhage occurred, but it was around the arteries only, 
never the arterioles. Lambert and Oremels thought that the findings 
in the heart-lung preparation represented a damage to vascular endo- 
thelium by some toxic agent in the defibrinated blood, and Newton 
[1932] showed that such a toxic agent did develop in defibrinated blood 
on standing and suggested it was histamine. The relative absence in 
the isolated perfused lung of the rather severe changes found in the 
heart-lung preparation is rather surprising. It may simply represent 
a superiority of heparinised blood as against defibrinated blood; there 
is no histological evidence on this point. Other possible factors are 
the negative pressure ventilation, the lower pulmonary venous pressure, 
and the absence of the heart in the isolated lung preparation. 

Certain types of experimental lung damage in the intact animal 
give rise to histological changes similar to those found in the perfused 
lung. Cannon, Walsh, and Marshall [1941] produced a local anaphy- 
lactic reaction in the lungs by intratracheal instillation of egg albumen 
in rabbits sensitised to egg albumen. The early histological changes 
were oedema, with alveolar exudate and distension of perivascular 
lymphatics, together with some hemorrhage into alveoli and peri- 
vascular lymphatic spaces. Although they described the perivascular 
red cells as being confined to lymphatic spaces, it is evident from their 
photographs, which were only of arteries, that the condition was one 
of diffuse periarterial haemorrhage similar to that found in the perfused 
lung. They attributed the changes to increased permeability of the 
capillary endothelium permitting the escape of both plasma and red 
cells. 

Lung irritant gases (chlorine, phosgene, etc.) cause acute cedema 
of the lungs and also damage to the bronchial epithelium. Winternitz. 
[1920] has described the lung changes in dogs exposed to chlorine, 
phosgene, and diphosgene. In the early stages there was alveolar 
exudate, distension of periarterial and peribronchial lymphatics, oedema 
of the arterial wall and periarterial connective tissue, but there was 
no hemorrhage. He found, however, that dogs which had been gassed 
some months previously and apparently recovered, when killed" by 
asphyxia, chloroform, or strychnine, developed periarterial hemorrhages 
in the lungs at the time of death. Winternitz thought that the 
hemorrhage was “obviously the result of rupture of the vasa vasorum, n 
and that the rupture was caused by a rise of blood-pressure during 
the agonal struggling or convulsions, the vessels having been weakened 
in some vsay as a result of the earlier gassing. These haemorrhages 
appear to be exactly the same as those found in the perfused lung. 

In animals rapidly decompressed to a pressure of about one-sixth 
of an atmosphere and kept at that pressure in oxygen for about two 
hours, lung changes were constantly found [Trowell, 1943], In rabbits 
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the changes were vascular congestion and oedema, with alveolar exudate, 
distension of periarterial lymphatics and oedema of arterial walls; 
occasionally there w r as slight alveolar haemorrhage. In rats, guinea- 
pigs, mice, and monkeys, superimposed on the picture of congestion 
and oedema there was alveolar haemorrhage and sometimes periarterial 
haemorrhage. The precise cause of these lung changes was not dis- 
covered; it was considered that they were probably due to anoxia 
and circulator} 7 ' changes rather than to mechanical air-pressure changes 
in the lungs. In blast injuries of the lungs (pulmonary concussion) 
the histological picture is quite different; in the early stages the sole 
finding is haemorrhage, large interstitial haemorrhages or more fre- 
quently small scattered alveolar haemorrhages; there is no oedema or 
periarterial haemorrhage [Zuckerman, 1941], 

It is evident from the foregoing descriptions that the main patho- 
logical features of the perfused lung, alveolar exudate, periarterial 
lymphatic distension and periarterial haemorrhage, are also met with 
in other types of lung damage, and collectively the} r seem to represent 
a common reaction of the lung to a variety of insults. 

With regard to the cause of the oedema in the perfused lung, raised 
capillary blood-pressure is unlikely since the perfusion pressure was 
always less than the pulmonary arterial pressure of the intact animal, 
the venous pressure was generally zero, and histologically there was 
no sign of vascular congestion. The most likely cause, as in the case 
of other perfused organs, is increased capillary permeability due to 
some abnormality of the perfusing blood or to the absence of nervous 
capillary tone. Lymphatic obstruction must also be considered as a 
possible factor; when canulse are tied in the trachea and the pulmonary 
artery some of the main lymphatics leaving the lung may be tied off. 
It is curious that in most of the types of experimental lung oedema 
only the periarterial, and not the peribronchial, lymphatics become 
distended. This is difficult to reconcile with the usual conception 
[Miller, 1937] that these two sets of lymphatics form a common 
anastomosing network throughout their course. 

With regard to the periarterial haemorrhage, although there is no 
evidence that it is true haemorrhage as opposed to diapedesis, still the 
most likefy cause seems to be rupture (probably capillary) of the vasa 
vasorum. As already indicated, certain histological evidence points 
to the periarterial connective tissue as a region of mechanical weakness 
in the lung. The possibility of rupture of the pulmonary capillaries 
of the alveoli of respiratory bronchioles or alveolar ducts with the 
blood tracking back in the periarterial zone seems to be excluded by 
the fact that blood was never seen round the very small arteries. If 
the blood does come from the vasa vasorum it must be remembered 
that these vessels are part of the bronchial circulation. The bronchial 
circulation was not directly perfused in these experiments, but it is 



211 


The Histology of the Isolated Perfused Lung 

known from injection experiments that owing to the free capillary 
anastomosis between the bronchial and pnlmonaiy systems in the 
region of the respiratory bronchioles and alveolar ducts, perfusion of 
the pulmonary circulation almost certainly results in a back-flow of 
blood into the bronchial circulation. It has been mentioned that in 
some experiments the bronchial vessels were congested; this indicates 
that such a back-flow did occur and that the pressure in the bronchial 
capillaries was fairly high due presumably to some obstruction of the 
veins draining the bronchial tree. It must be admitted, however, that 
periarterial haemorrhage occurred quite as frequently in cases which 
showed no bronchial congestion. It seems that both in perfusion and 
other circumstances, periarterial haemorrhage seems to go hand in 
hand with oedema and distension of the periarterial lymphatics. It 
may be that the haemorrhage is caused by distension or rupture of these 
lymphatics. 

Summary. 

A description is given of the histological changes found in the isolated 
perfused lungs of dogs. The perfusion was carried out with heparinised 
blood under negative pressure ventilation for 3£ to 7 hours. The main 
findings were: 

(1) (Edema: comprising alveolar exudate, distension of periarterial 

lymphatics and oedema of arterial walls. 

(2) Periarterial and peribronchial haemorrhage. 

(3) Collections of polymorphonuclear leucocytes in the small 

pulmonary blood vessels. 

(4) Dilation of bronchi and bronchioles. 

(5) Vascular congestion of bronchial walls (except in experiments 

in which the outflow was allowed to drain from the open 

pulmonary veins). 

The alveolar walls, bronchial epithelium and vascular endothelium 
were normal and there was no pulmonary vascular, congestion. It is 
pointed out that changes (1) and (2) have been recorded in other types 
of experimental lung damage and they seem to represent a common 
reaction of the lung to various modes of injury. The possible causes 
of these changes are discussed. 

The histological changes which have been described in the lung 
of the heart-lung preparation were for the most part not found in the 
isolated perfused lung. 

The perfusion experiments which provided the material for this 
investigation were performed by Miss Catherine Hebb, and the author 
is indebted to her and to Professor de Burgh Daly for much helpful 
discussion. 
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Imc,. I . — AUeolar exudate. Distension of periarterial lymphatics, (x 35). 

Hu. 2. Alveolar exudate. CKdemn of arterial wall. ( x 35). 

l* iu. 3.~ IVrmvloriul htemovrhago Distension of periarterial lymphatics. ( x 35.) 

rtu. 4.- Peribronchial haunorrhago. ( v 35.) 

r2<i. .a- Polymorphonuclear leucocytes in a venule. ( x 290.) 

rm. h. Po\ymorphonur\car leucocytes in capillaries. { x 2013.) 

i now 1A.L, ' l'he Histology of the Isolated Perfused Lime." 


212 


Trowell 


REFERENCES. 

Bickford, R. G., and Winton, F. R. (1934). Personal communication. 

- Cannon, P. R., Walsh, T. E., and Marshall, C. E. (1941). Amer. J. Path. 
17, 777. , 

Daly, I. de Burgh, Herb, C. 0., and Petrovskaia, B. (1941). Quart. 
Journ . exp. Physiol. 31, 129. 

Lambert, R. K., and Gremels, H. (1926). J. Physiol . 61, 98. 

IMarshall, A., and Trowell, 0. A. (1943). J. Physiol. 102, 9 P. 

Miller, W. S. (1937). The Lung. Baltimore. 

Newton, W. H. (1932). J. Physiol 75, 28S. 

Short, R. H. D. (1941). Bril med. J. ii, 241. 

Trowell, 0. A. (1943). In press. 

WlNTERNlTZ, M. C. (1920). Pathology of TT r ar Gas Poisoning . New Haven. 
.Zuckerman, S. (1941). Proc. R . Soc . Med. 34, 171. 



SOME MORPHOLOGICAL FEATURES OF THE SPINAL CORD 
IN THE RABBIT, WITH SPECIAL REFERENCE TO THE 
PRODUCTION OF ARTIFACTS. By 0. A. Tbowell. From 
the Physiology Department, University of Edinburgh. 

{Received for publication 24th May 1943.) 

During an investigation which, involved the post-mortem exposure, 
removal, and subsequent histological study of the normal spinal cord 
in most of the common laboratory animals, some rather peculiar 
artifacts were encountered in the case of the rabbit. The artifacts 
were produced during the exposure of the cord and were ultimately 
related to certain morphological peculiarities of the spinal cord and 
meninges in this species. These peculiarities of the rabbit’s cord do 
not appear to be generally known and no record of them could be found 
in the literature, though it is difficult to believe that they can have 
escaped the attention of previous workers. This paper will describe 
the nature of the artifacts, their mode of production, and methods for 
their elimination. This knowledge is of particular importance in the 
pathological investigation of acute traumatic injuries of the spinal cord 
and it may prove of practical value to other workers. 

I. Exposure and Removal oe the Spinal Cord in Animals 

OTHER THAN THE RABBIT. 

The spinal cord was exposed and removed by the following method, 
which, in principle, is the same as that employed at human autopsy. 
The posterior surface of the vertebral column was fully exposed by 
cleaning away the attached muscles. The vertebral spines and laminse 
were then removed with suitable instruments. In the larger animals 
(cat, dog, goat, monkey) the laminae can be cut off at their base with 
laminectomy forceps, hut in smaller animals (rat, guinea-pig, rabbit) 
it is necessary to remove the spines and lamina piecemeal with various 
types of nibbling forceps. Fortunately, in these animals the epidural 
space is relatively larger (and the subarachnoid space correspondingly 
smaller) than in man, and it is generally possible to open the vertebral 
canal in this way without damaging the dural sac or its contents. 
Having thus exposed the cord in its dural sac, either the nerve roots 
were cut with fine scissors and the whole cord, still enclosed in dura, 

213 




Some Morphological Features of the Spinal Cord in the Rabbit 215 

nerves leave the cord approximately at the levels of the corresponding 
vertebra. The cervical, thoracic, and lumbar regions of the cord 
therefore correspond to the same regions of the vertebral column. 

After fixing the cord in situ , histological sections through the 



swellings showed that in addition to gross distortion of the shape of 
the cord there was, underlying each swelling, usually a cavity of con- 
siderable size (fig. 3). These cavities had ragged torn edges and 
obviously represented a rupture of the cord substance; they appeared 
to he a. result of the external distortion rather than the cause of it. 
Examination of a large number of such cavities showed that usually 
the cavity originated as a horizontal cleft in the lateral grey matter 
on one or other side of the central canal (fig. 3, 6, c ). Thence the 
VOL. XXXII, XO. 3.-1913. 16 
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lifted out and placed in formalin; or, alternatively, the whole animal 
was placed in a tank of formalin and the cord removed later after 
fixation hi situ . The latter method was usually adopted, because it is 
generally believed that handling, especially bending, of the unfixed 
cord maj T produce nerve fibre artifacts, although in the cases in which 
the former method was used no such artifacts were in fact observed. 
This method, applied to normal animals killed with coal gas, was 
satisfactory in all the species (other than the rabbit) examined — rat, 
guinea-pig, cat, dog, goat, and monkey. The histological sections of 
the spinal cord were in all cases quite normal. 

II. Exposure axd Removal of the Spixal Cord ix the 
\ Rabbit. Occurrexce of Artifacts. 

The rabbits used in this investigation were adults aged 1-3 years 
and weighing 1 *6-3*5 kg. They were of mixed breed from a variety 
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Fig. 1. — Swellings on the rabbit’s spinal cord due to spontaneous herniation of 
cord substance through posterior dural incisions, (a) posterior aspect of cord, 

( b ) lateral aspect. 


of common strains. They were lolled with coal gas. Examination of 
the fresh cord was completed and the cord placed in fixative (formalin) 
within two hours of death. 

In 16 rabbits the spinal cord was exposed by the method described 
in I. above, the spines and laminae being removed piecemeal with 
nibbling forceps. In the majority, but not all, of these animals, the 
cord after exposure presented a peculiar appearance in that there were 
a number of discrete swellings on its posterior surface. These varied 
from low fusiform swellings parallel to the long axis of the cord to 
hemispherical knob -like protuberances. With a few exceptions these 
swellings occurred only in two regions of the cord, the upper half of 
the thoracic region and the upper lumbar region. The appearance 
of these swellings is shown in fig. 1. Fig. 2, a, b indicates their size, 
number, and situation in typical cases. It should be mentioned that 
in the rabbit the spinal cord extends down to the level of the second 
sacral vertebra, and, except in the sacra] and caudal regions, the spinal 
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ragged edges,. These involved both grey and white matter indis- 
criminately and had a very characteristic radial distribution (fig* 4). 
This appearance of multiple radial cracks will be referred to as the 
Type B artifact. Sometimes the Type B artifact was met with, super- 
imposed as it were on the Type A artifact, in the region of a swelling, 
hut very often it occurred elsewhere in regions of the cord which were 
quite normal to the naked eye. On the whole, however, it was most 
frequently found in those two regions of the cord which have already 
been mentioned as the sites of predilection for the Type A artifact. 
In addition to these specific appearances, the cord, throughout its 
length, showed a slight and variable distortion of shape; in transverse 
section it was never quite symmetrical (fig. 4). 

III. The Cause oe the Type A Artifact. 

It was discovered that the Type A artifact represented a bulging 
or herniation of the cord substance through holes torn in the dura 
mater. The dura had been torn at several points by jagged hone 
fragments during the process of opening up the vertebral canal. This 
was by no means obvious at first sight, for in these animals the dura 
was a very thin transparent membrane, easily torn, and quite tightly 
applied to the posterior surface of the cord; indeed careful inspection 
was required to detect its presence at all. In other species, notably 
in man, the subarachnoid space is much larger and the dura is thicker, 
relative to the size of the cord. 

That the swellings had been caused in this way was proved as 
follows. In the first place it was found that if more care was exercised 
in removing the vertebral arches it was possible to avoid tearing the 
dura. This simply involved working more slowly and removing the 
bone in very small fragments, the whole procedure taking an hour or 
more. If the dura was not tom, then there were no swellings. If 
now in such a cord the dura was picked up on the point of a scalpel 
and incised for a length of about 5 mm. without cutting or bruising 
the underlying cord, it was observed that the dural edges retracted 
and the cord slowly bulged through the hole, the swelling taking about 
2 minutes to attain its full dimensions. A transverse dural incision 
opened out into a circular hole and produced a hemispherical swelling, 
while a longitudinal incision opened into a lens-shaped hole and pro- 
duced a fusiform swelling. Very often, after the incision had been 
made, the dura tore further along the same line and so quite large holes 
eventually resulted from quite small incisions. Only in two regions 
of the cord, the upper thoracic and the upper lumbar, did dural incisions 
give rise to large swellings; elsewhere no, or only very small, swellings 
developed. By making incisions of varying size and direction in the 
two susceptible regions it was possible to reproduce all the varieties of 
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cavity might subsequently extend either horizontally outwards through 
the white matter (fig. 3, g, h) or else posteriorly along the line of the 
posterior horn (fig. 3,d,e, /), in either case frequently breaking through to 
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Fiq. 3.* — Transverse sections of rabbit’s cords. The dura had been tom or 
incised at various points and the sections are taken through the resultant swellings. 

The Type A artifact. 



]Fia. 4 ,— -Transverse sections of rabbit’s cords, fixed with the dura intact. The 

Type B artifact. 


the surface. For convenience, these appearances — that is, the external 
swellings with the large underlying cavities— will be called the Type A 


artifact. 


During the histological examination of the cords, another and 
.. different type of abnormality was met with in certain regions. 
Tli' took the form of numerous small slit-like cavities, again with 
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size of the swellings which resulted from dural incisions depended on 
the attitude of the column. In full flexion the swellings were very 
large; in full extension no swellings developed and cerebrospinal fluid 
escaped freely from the incision, showing that the dural pressure was 
removed. Likewise, existent swellings could be made to vary in size, 
to disappear and reappear, by appropriate flexion or extension. 

It should now be explained tliat for the exposure of the cord, the 
animal's shoulders were always raised on a block so as moderately (but 
not fully) to flex the upper part of the vertebral column; this gave 
better access to the laminae and it w r as done also in the other species. 
The usual flexed position was therefore a contributory factor in the 
development of swellings in the upper part of the cord. Flexion and 
extension had, however, little or no influence on the size of swellings 
produced in the lower part of the cord. 

Apart altogether from the swellings, the general shape of the cord 
was greatly altered by flexion or extension of the vertebral column. 
This was most marked in the lower cervical-upper thoracic region where 
the shape could be varied from that shown in fig. 4, g in flexion to that 
shown in fig. 4, h in extension. 

The observations recorded in (i) and (ii) were confirmed in 7 animals, 
(iii) Soft Consistence of the Cord Substance . — It had been noted that 
the cord substance which protruded through the dural incisions was 
remarkably soft in consistence. At first sight it seemed likely that 
this was due to bruising of the cord substance during exposure of the 
cord, but this was proved not to be the case. In 8 animals the cord 
was exposed very carefully so that bruising was absolutely excluded 
and the dura was intact. The dura was then cut down the middle 
line and reflected in the way previously described. The consistence of 
the cord was now carefully explored in all regions, feeling it with a 
blunt probe and noting its resistance to deformation. In the first 
place the impression was gained that the cord as a whole was definitely 
softer than in other species. This, however, was a difficult judgment 
to make and it will not be insisted on. The second discover was 
quite definite, that in certain regions the cord was softer than elsewhere. 
In these soft regions the consistence could only be described as semi- 
fluid or pultaceous, the cord substance resembling a formless paste 
which could be poked into almost any shape by quite light pressure, 
ndeed in these soft regions, once the dura had been reflected, the cord 
had not sufficient rigidity to maintain its normal shape; sections of 
such regions fixed in situ always showed the cord markedly distorted 
an asymmetrical (fig. 5). Usually two such soft regions could be 
e ned, one being roughly the upper half of the thoracic region, the 
o icr being in the lumbar region (fig. 2, c). The first of these two regions 
cou d always be easily defined, the transition from soft to “normal” 
cor vas fairly sharp, and it was fairly constant in position from 
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A artifact which liad been encountered in the original cords. 
Histological examination showed the same underlying cavities which 
evidently represented an internal rupture of the cord substance con- 
seqxient on the herniation. 

Given dural tears, therefore, herniation of the cord substance 
occurred spontaneously. This seemed to be a rather remarkable 
phenomenon and it called for further investigation. Ultimately, three 
morphological factors, all apparently peculiar to the rabbit, were found 
to play a part in bringing about this spontaneous herniation. These 
three factors wall he dealt with in turn, and it must be emphasised that 
one is dealing here only 7 with the morphology of the cord and its meninges 
as it presents itself post-mortem after opening the vertebral canal. In 
the living animal conditions may 7 he different. 

(i) The Dura Mater is Tensely Stretched and Exerts, Pressure on the 
Posterior Surface of the Cord. — From the w r ay in which experimental 
dural incisions “ opened out” it was obvious that the dura over the 
posterior aspect of the cord w r as tightly stretched and that the tension 
was greatest in the longitudinal direction. Also the way in which the 
cut edges sank into the cord and squeezed up cord substance in between 
made it clear that the dura was actually exerting pressure on the cord, 
the subarachnoid space being obliterated in this region (this was con- 
firmed by the fact that no cerebrospinal fluid escaped from the incisions). 
Dissection showed that the dura was everywhere very close to the cord, 
but only 7 on the posterior aspect was it actually pressing on the cord 
and obliterating the subarachnoid space. The arachnoid could not 
be defined by dissection but it Avas recognised histologically 7 , little more 
than a double layer of mesothelial cells. It always remained attached 
to the dura and was of course divided vdienever the dura was cut. 
The pia mater generally remained intact even over quite large swellings. 
Finally it w r as shown that if the dura w r as cut down the middle line and 
entirely 7 reflected from the whole cord, then any swellings previously 
present as a result of local dural incisions now disappeared almost 
entirely. This proved conclusively 7 that the primary cause of the 
swellings was the pressure of the dura on the cord. In these experi- 
ments the dura was opened by lifting it up off the cord on the point of 
a fine scissors, the scissors were then run along the whole length, keeping 
clear of the cord and so avoiding damage. 

(ii) Flexion of the Upper Vertebral Column Increases the Pressure of 
the Dura on the Cord in that Region . — In the cervical and upper thoracic 
region (only r ) the pressure of the dura against the posterior surface of 
the cord is increased by 7 flexion of the vertebral column and decreased 
by extension; in full extension the pressure is removed entirely. This 
region of the rabbit’s vertebral column is very mobile, but the lower 
half (lower thoracic, lumbar, sacral) is almost immobile. In corre- 
spondence with this it was found that in the upper part of the cord the 



Some Morphological Features of the Spinal Cord in the Rabbit 221 

dura must also have bruised the cord in the same regions. This may 
have been the case and may have contributed to the original artifacts, 
but it is not an essential factor for it has been shown' that sivellings 
develop when the dura is incised over unbruised cords. Again, in the 



Fig. 6. — Deformation of a fresh rabbit’s cord caused by the application of a 
constant weight, at the various levels. A levor was allowed to rest on the 
posterior surface of the cord and the percentage decrease in the anteroposterior 
diameter was measured. 


original exposures the dura may have been torn only in those regions 
where swellings developed (it was not possible to verify this), but this 
also would be an unimportant factor for it has been shown that dural 
incisions elsewhere result in no, or only very small, swellings. 

IV. The Cause of the Type B Abtifacjt. 

This artifact occurred most commonly in the two soft regions of 
the cord, occasionally elsewhere. It still occurred in cords which had 
been carefully exposed without tearing the dura, and then fixed in siht 
before removal. Such cords showed in addition some slight distortion 
of shape (fig. 4). If the dura was reflected before fixation the dis- 
tortion of shape was more marked (fig. 5) and the Type B artifact was 
also present. It is worth mentioning that this distortion of shape was 
not met with to anything like the same degree in the cords of other 
species handled in the same way. This supports the view already 
advanced that the rabbit’s cord is softer than that of other species. 
Evidently the Type B artifact was not associated in any way with the 
Type A, and it was not due to direct handling ( e.g . removal) of the cord 
before fixation. It was found to be entirety eliminated if the cord 
was fixed in situ in the unopened vertebral canal — by methods to be 
described in the next section. This artifact was, therefore, produced 
in some way during, or as a result of, opening of the vertebral canal. 
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animal to animal. The second and lower region was neither so constant 
nor so definite. It varied in position by as much as 2 cm. in different 
animals and was usually less sharply defined, the transition from 
“normal” cord being more gradual. The consistence of the cord 
between these two soft regions w r as somewhat variable from animal to 
animal. Usually it was slightly softer here than in the cervical and 
lower lumbar regions, but nothing like so soft as the two soft regions 
proper; in one or two cases, however, this part of the cord was quite 
soft, and in these cases it was possible to recognise only one continuous 
soft zone extending from Th. 2 to L. 4. It should be mentioned that 
the pia was alwaj^s intact even in the soft regions and it was not torn 



Fig. 5.*— Transverse sections of rabbit's cords, the dura reflected before fixation. 


when the cord was explored with the probe. In the soft regions the 
pia was very lax and “baggy,” it appeared as a crinkled membrane 
rather loosely applied to the cord substance; elsewhere it was tense 
and closely applied. 

In order to obtain some objective record of these soft regions of the 
cord, a fresh cord was carefully removed, the dura reflected and the cord 
then subjected to local pressure by allowing a lightly weighted lever 
to rest across it. The tip of the lever recorded on a scale, and by 
observing its position, first with the lever just touching the cord, and 
then with lever resting on the cord, the percentage reduction in diameter 
of the cord following the application of a constant weight was obtained. 
Observations were made serially along the cord and the results are 
shown in fig. 6. The morphological explanation of this softer con- 
sistence of the cord in certain regions will be discussed later (Section VI). 

These two soft regions appeared to correspond, more or less, to 
those two regions of the cord in which it had been found that herniation 
of cord substance most readily occurred, and this apparently explained 
why the Type A artifact was chiefly found in these two regions in the 
original animals. 

While it must be admitted that the primary cause of the Type A 
artifact was the tearing of the dura during the somewhat careless 
exposure of the cord, a similar carelessness did not produce it in the 
other species. Given that the dura is tom, then it seems that the three 
factors described above would account for the presence and the dis- 
tribution of the Type A artifact in the original cords. It might be 
argued that in the original exposures damage sufficient to tear the 
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These results confirmed the fact that all the artifacts originally en- 
countered were the result, direct or indirect, of exposing the cord before 
fixation. 

VL Morphological Factors which may Account tor the 
Soft Regions present in the Normal Rabbit’s Cord. 

It seemed worth while to see if the soft regions differed histologically 
in any way from the rest of the cord. First of all five cords were exposed, 
the dura was reflected and the soft regions were localised by palpation 
and marked. After fixation, sections from soft and “normal” regions 
were compared. There were no obvious qualitative differences, and 
in particular the soft regions showed no signs of bruising or post-mortem 
change. Having thus excluded the possibility of disease, trauma, and 
post-mortem change, it seemed likely that differences, if any, must be 
in the relative proportions of the several structural components. This 
possibility was investigated as follows. A cord was fixed in siiu by 
the Method 2 described in the preceding section. After fixation the 
cord was exposed and divided transversely into segments corresponding 
to the respective vertebras; from Th. 10 downwards, the vertebrae 
being longer in this region, each vertebral segment was subdivided into 
two. Paraffin sections were prepared from the middle portion of each 
of the 33 pieces and subjected to a careful serial comparison. Sections 
were stained by (1) Nissl method, (2) Bodian silver method, (3) Mallory 
neuroglia method. Broadly speaking the findings were that the whole 
region from about the Th. 2 to L. 4 differed in several respects from the 
rest of the cord. This region corresponds to the two soft regions plus 
the intermediate (lower thoracic) part between them; it also corre- 
sponds to the region between the cervical and lumbar enlargements 
(fig. 2, c), and it seems likely that the differences found simply represent 
differences between the enlargements and the rest of the cord. The 
region Th. 2 to L. 4 differed from the rest of the cord in the following 
respects : — 

1. Proporlionalhjless Grey Matter . — Fig. 8 shows the areas of the total cord, 
grey matter and white matter at the various levels. The areas were measured 
by cutting out and weighing projection drawings. The ratio of grey to white 
matter in the cervical and lower lumbar regions was about 1:3, in the inter- 
mediate region it was about 1 *. G. 

2. Posterior Columns Relatively Smaller. — Fig. 8 shows that the ratio of the 
posterior columns to the rest of the white matter was, in the cervical and lower 
lumbar regions, about 1 ; 5, and in the intermediate region about 1 : 9. 

3. Average Size of Fibres Greater. — In the region Th. 2 to L. 4 the white 
matter contained relatively more of the large -sized fibres and also these “large” 
fibres were themselves larger than the “large” fibres of other regions. Fig. 9 
shows camera lucida drawings of comparable regions of the white matter at 
the levels G, o, C. 6, and Th. 3, Th. 4. The region selected for drawing was in 
the lateral white matter midway between the grey matter and the lateral 
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Tlie soft consistence of the cord evidently favoured its production, but 
its precise method of causation was not discovered. It is believed that 
the possibility of bruising was eliminated, and it is suggested that it 
may have been caused by flexions and extensions of the vertebral 
column after the cord had been exposed; the change in shape which 

the cord undergoes under these conditions has already been mentioned 
(III (ii)). 

V. Methods for Fixation and Removal of the Rabbit’s 
Cokd without Artifact. 

It was concluded that histological sections entirely free from artifact 
and distortion of shape could only he secured if the cord was fixed 
before opening the vertebral canal. Two methods were devised for 
doing this. 

Method 1. — The vertebral column was removed entire and divided into five 
lengtlis by careful disarticulation between vertebne, the cord and meninges 

<S) <a> ® ® 

Fig. 7. — Transverse sections of rabbit’s cords, the cord fixed in situ before opening 

the vertebral canal. 

being cut cleanly with a razor blade. These lengths of column were fixed in 
8 per cent, neutral formaldehyde and subsequently decalcified in 5 per cent, 
formaldehyde plus 10 per cent, nitric acid. When decalcification was complete, 
they were sectioned by the paraffin method, sections being taken only from 
the middle region of each length. Fourteen spinal cords were treated in this 
way and in all cases the shape of the cord was perfectly preserved and there 
were no gross artifacts. Owing to the acid treatment the cells and fibres were 
considerably shrivelled (weaker decalcifying solutions were found inadequate) 
and some of the standard staining methods (e.g, Nissl) were interfered with. 
This method was theoretically perfect in that handling of the cord (in selected 
regions) was entirely eliminated throughout, but it was unsatisfactory in that 
only selected regions could be studied and that the material was useless far 
detailed histological examination. The second method was free from these 
drawbacks. 

Method 2. — The vertebral column was removed entire and thoroughly 
cleaned from muscle on all sides. It was fixed in strong (20 per cent.) neutral 
formaldehyde for a week. This effected quite satisfactory fixation of the cord. 
The vertebral canal was then opened in the ordinary way and the cord removed. 
Provided ordinary care was exercised (no acute bending), it was found that no 
harm resulted from handling of the fixed cord; the important thing was to 
avoid both handling and exposure before fixation. Two cords were treated 
in this way and the sections were satisfactory in all respects (fig. 7). This 
method can be recommended for any histological investigation of the rabbit’s 

spinal cord. 
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largely accounted for by the fact that the small fibres are mostly inters egmental 
(propriospinal) fibres whose numbers are roughly proportional to the size of 
the grey matter at the various levels; they are therefore most numerous in 
the cervical and lumbar swellings, and least numerous in the region Th. 2-L. 4, 
where as already shown the grey matter is proportionately least. 

4. Proportionally more Myelin Present. — A consequence of the greater 
average size of the fibres must be that there is relatively more myelin per unit 
area of white matter. This is fairly obvious from fig, 9. 

5. Proportionally less Neuroglia Present . — Since there is a neuroglial net- 
work round every fibre, however small, it seems likely that if the average size 
of the fibres is greater and there are therefore fewer fibres per unit area, there 
will be correspondingly less neuroglia per unit area. This supposition was 
borne out on examination of the neuroglia stained sections, but it was found 
impossible to make any accurate quantitative comparison of the amount of 
neuroglia present at different levels. 



Fig. 10. — Rabbit’s cord. Thickness of the pia mater at the various levels. 

A, in the anterior median fissure (double layer); B, on the posterior surface of 

the cord. 

6. Thinner Pia Mater . — The thickness of the pia mater was measured with 
an eyepiece micrometer. The measurements can only give a very rough 
approximation to the true thickness of the pia owing to the variable histological 
shrinkage, etc. The pia was measured in two regions, on the posterior surface 
of the cord (curve B, fig. 10) and in the anterior median fissure (curve A, fig. 10). 
In these cords no anterior median “fissure” was ever seen, only a septum was 
found, the whole septum was measured and it included presumably two layers 
of pia mater. The results showed a definite thinning of the pia corresponding 
fairly well to the upper soft region and some indication of a second thinning 
corresponding less well to the lower soft region , 

The thinning of the pia was the only feature found which showed any direct 
correlation with the two soft regions. All the other changes found were 
uniform from Th. 2 to L. 4, and although this corresponded to the upper limit 
of the upper soft region and the lower limit of the lower, they included also the 
supposedly “normal” region between the two. 

In five other cords sections were examined from each of the soft regions 
and from two “normal” regions. The sections were from known levels, they 
were measured in the same way, and the results fitted in entirely with those 
described above. In each of these cases paraffin, frozen, and celloidin sections 
both transverse and longitudinal were made, and, in addition to the methods 
already mentioned, Bielschowsky and myelin staining were emplo 3 r ed, but no 
further differences were revealed. 

Taken as a whole these results would afford a rational explanation for the 




Fig. S. — Rabbit’s corcl. Transectional areas of Total cord (I), White matter (II), 
Groy matter (III), and Posterior columns (IV) at the various levels. 




g. — Rabbit’s cord. Camera lucida drawings, all on the same scale, of 
comparable regions of the lateral whitematter at the levels C. 5, C. C and Th. 3, 


i 




columns showed less difference). The change occurred fairly abruptly at the 
level Th. 2-3, it persisted uniformly down to about L. 4 and then the appear- 
ances reverted to those found in the cervical region. These differences can be 
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3-5 times the diameter of adjacent nerve fibres. They were met with 
from time to time in all regions of the white matter and at all levels of 
the cord, but they most frequently occurred in the posterior columns. 
They were also found in the brain of these animals, most commonly in 
the medulla and the subcortical cerebral white matter. They were 
never found in grey matter. Tlie holes were always perfectly circular 
both in transverse and longitudinal sections of the cord; thejr were 
therefore not distended myelin sheaths. In longitudinal sections of 
the cord they often appeared in short rows (fig. 12, 6) along the lines of 
the oligodendroglia cells and were very closely associated with these 
cells, apparently lying between them. They were present in paraffin, 
frozen, and celloidin sections, and were therefore not an artifact of 
paraffin technique. The edges of the holes were sharp and clear cut, 
but no organised wall could be defined, though they were embraced by 
a slight condensation of neuroglia fibres. They were clearly not empty 
distended capillaries, nor were they fat (Sudan IV staining) or myelin. 
No content of the holes could be revealed by any of tbe ordinary staining 
methods. They resembled in all respects the nitrogen bubbles which 
can be produced in the spinal cord by the sudden decompression of 
animals exposed to raised atmospheric pressure, except that these 
latter might attain a larger size. The same holes were also found in 
the brain and spinal cord of other species (goat, monkey), but they were 
more frequent in the rabbit. Neuropathologists appear to be unfamiliar 
with them in human material. It seems likely that they represent an 
artifact of some kind. Although they were found in material fixed 
within an hour of death, the possibility must be considered that they 
aTe due to some rapid post-mortem change. Ostertag [1931] describes 
the occurrence of cystic spaces in the white matter in the rabbit and 
other animals, which he ascribes to post-mortem swelling of myelin 
sheaths. It is probable that he was observing the same phenomenon 
as reported here and that these appearances have often been seen and 
dismissed as ct swelling of myelin sheaths.’* 

Discussion. 

The spinal meninges and meningeal spaces in the rabbit evidently 
differ somewhat from those in man, where the dura is a tough membrane 
separated from the cord by a fairly wide subarachnoid space. The only 
comparative account of the meninges in mammals appears to be that 
of Sterzi [1901] who states that the subarachnoid space is well developed 
only in man and the carnivora. In all the species examined here the 
spinal subarachnoid space appeared to be relatively smaller than in 
man; in the rabbit it was particularly small, its posterior part being 
entirely obliterated under post-mortem conditions. It is stated [Weed, 
1922] that in all mammals the epidural space is filled with fat and veins. 
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whole region between the cervical and lumbar enlargements being of softer 
consistence than elsewhere, the most important factors probably°being the 
proportionally greater amount of white matter and of myelin, and the pro- 
portionally less amount of neuroglia and pia mater. Apart from the rather 
unsatisfactory evidence regarding the thickness of the pia mater, they afford 
no explanation of the original description of two soft regions separated by a 
more or less normal region in between. As was pointed out original^ 7 , however, 
this intermediate region was variable from animal to animal, being in some 
cases almost as soft as the other two regions, and it may be that the animal 
selected for the serial investigation was such a case. On the other hand, the 
possibility is still open that the thickness of the pia mater really is the most 
important factor, but in order to decide this some more refined method of 
measuring the pia mater would have to be devised. 

VII. Additional Histological Observations on the 
Rabbit’s Cord. 

In the course of the histological examination of 42 rabbits’ cords, 
two other features were observed which seem worthy of record. They 
were present in cords fixed before opening the vertebral canal and there 
was no reason to suppose that they were artifacts. 

(i) Variation in Size of the Central Canal .- — The central canal was 
found to vary in size at different levels in the same cord. Usually one 

<$ &) 

Fig. 11. — Transverse sections of rabbit’s cords showing a wide central canal. 

(a) Upper thoracic region; (6) mid-thoracic region ; (c) lower cervical region. 

considerably dilated region was found , where the diameter of the canal 
might be as much as one-eighth of the diameter of the cord. The 
position of this region varied from animal to animal; it might be in 
the upper cervical, the thoracic or the lumbar region (fig. 11). Most 
commonly it was in the upper thoracic region. The exact extent of 
these dilated regions was not determined. It is well known that many 
mammals show a ventricle-like enlargement of the posterior end of the 
canal (ventriculus terminalis), and Ostertag (1931) states that in the 
rabbit such an enlargement extends caudally from the level of the 
second lumbar vertebra. In the rabbits examined here, however, 
similar enlargements were found at other levels of the cord. 

(ii) Presence of Spherical Holes in the White Mailer . — In nearly all 
the cords examined a few circular holes were observed in the white 
matter (fig. 12). They were generally 15-30p in diameter, or roughly 
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produced in the human cord. Van Gieson [1892] has described and 
figured artifacts produced during post-mortem removal of the human 
cord, but they were, as he admits, the result of gross damage inflicted 
with bone forceps and chisel. They mostly took the form of curious 
telescopic displacements of grey and white matter without much 
alteration of the external shape of the cord and without rupture of the 
dura, and they were accompanied by histological evidence of pulping 
of the cord substance. Such appearances were never met with in the 
work reported here. In addition to these common artifacts, van Gieson 
describes, as occurring less frequently, a herniation of cord substance 
through holes torn in the dura, the final picture resembling closely the 
Type A artifact of the rabbit. It is clear, however, that this artifact 
was only produced when cord substance was forced out of a dural tear 
by compression of the nearby cord with bone forceps; whereas in the 
rabbit herniation occurs spontaneously and in the absence of bruising. 
A survey of the literature on acute traumatic lesions of the spinal cord 
due to indirect violence shows that some of the so-called lesions may 
have been artifacts produced during removal of the cord. In man a 
condition variously labelled as Concussion of the spinal cord, Commotio 
Spinalis, Biickenmarkserschutterung, has been described as resulting 
from direct blows on the vertebral column, sudden flexions or extensions 
of the column, gunshot wounds, and blast from explosions [Holmes, 
1915; Claude and Lhermitte, 1915; Davison, 1940]. The condition 
has also been produced experimentally in animals [Schmauss, 1890; 
Mairet and Durante, 1917], The descriptions of the acute pathology 
of this condition have been very various and have included hsemorrhages, 
rupture of the cord substance producing cavities, and minute changes 
in the cells and fibres. Apart from the ha3morrhages, many of the 
changes described might have been artifacts produced during removal 
of the cord. In all cases the cord appears to have been removed before 
fixation. Holmes [1915] described as one of the histological findings 
in spinal concussion the presence of spherical empty vacuoles in the 
white matter. From his description and illustrations these appear to 
he indistinguishable from the spherical holes described here in the 
normal rabbit (Section VI (ii)), Davison [1940] shows photographs of 
spinal cord sections from cases of spinal concussion, some of which very 
closely simulate the appearance of the Type A artifact in the rabbit 
and others the Type B artifact. It may be, of course, that violence 
however applied, whether in life or during post-mortem removal, results 
in the same type of damage, the appearance merely representing the 
lines of mechanical weakness in the cord. Nevertheless it would seem 
important in all such work that the possibility of artifacts should be 
entirely eliminated and this can only be ensured by fixing the cord 
in situ in the unopened vertebral canal by some such method as that 
described in Section V. 
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In the rabbits examined here, a few veins were found on the surface of 
the dura, but the epidural space contained neither fat nor connective 
tissue. After opening the vertebral canal the epidural space appeared 
relatively large and contained only air. It is unlikely that this is the 
state in the intact animal. It is also unlikely that in life the dura 
exerts pressure on the posterior surface of the cord, or that the cord 
undergoes such marked changes in shape during flexion and extension 
of the vertebral column as were found post-mortem. One is led to the 
conclusion that in the intact rabbit the dura must he held ofl the cord 
in some way and the epidural space largely obliterated. How is this 
achieved ? There were no fibrous connections of any sort between the 
posterior surface of the dura and the walls of the vertebral canal (there 
were a few fibrous strands anteriorly). Perhaps in the rabbit the 
•eqidural space, like the pleural cavity, is a potential space revealed only 
when it is opened and air allowed to enter. Or perhaps the pressure 
of cerebrospinal fluid keeps the dura distended and in contact with the 
walls of the vertebral canal. In the dog, Flexner, Clark, and Weed 
[1932] found that postural changes in cerebrospinal fluid pressure caused 
distension or collapse of the spinal dural sac with corresponding changes 
in the volume of the epidural space. As against either of these two 
explanations, however, it must be pointed out that at post-mortem 
examination the dura apjieared to be inelastic and incapable of further 
distension without rupture. 

In Section III it was shown that the Type A artifact was a conse- 
quence of certain morphological features of the cord and meninges in 
the rabbit. The fact that the artifacts never occurred in the other 
species suggests that those features are to some extent peculiar to the 
rabbit. It cannot be claimed, however, that any of the features 
described are entirely specific to the rabbit, because the other species 
were not carefully examined from this point of view. 

Ostertag [1931] has described a method of exposing the brain and 
cord of the rabbit followed by fixation in sihi, which seems to he 
•essentially the same as the one Used here. He used small hone forceps 
for removing the vertebral arches and the vault of the skull. He 
mentions, in respect of the brain, that tearing of the dura must be 
avoided as the brain substance readily “pours out” and this leads to 
artifact appearances, but he mentions no such occurrence in the spinal 
cord. Recently Falconer and Russell [1942], operating on living 
rabbits, found that removal of a small area of the vault of the skull 
together with the dura was followed by marked herniation of the brain 
and the development of cystic cavities in the underlying brain substance. 

It seems, therefore, that this herniation through dural incisions may be 
a peculiar property of the whole central nervous system in the rabbit. 

There is some evidence that under certain conditions , probably 
•differing from those prevailing here, somewhat similar artifacts may be 
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In view of the widespread incidence of epizootic encephalomyelitis 
in rabbits, a disease which maj^ produce softening and cavitation of the 
cord, it should he mentioned that none of the cords examined here 
showed any inflammatory changes. 


Summary. 

1. The occurrence of artifacts in the spinal cord of the rabbit as 
exposed by the usual post-mortem methods is described. Such artifacts 
were not met with in the spinal cords of rat, guinea-pig, cat, dog, goat, or 
monkejr, exposed in the same way. The artifacts occurred principally 
in the upper thoracic and upper lumbar regions, and were of two 
varieties — 

(A) Large discrete swellings on the posterior surface of the cord associated 
with large underlying cavities. This artifact was due to spontaneous herniation 
of cord substance through small accidental tears in the dura mater. The 
spontaneous herniation was shown to be the combined result of three morpho- 
logical features of the exposed cord and meninges in the rabbit, namely 

(i ) The posterior part of the dura is tightly stretched (mainly longitudinally) 
and exerts a direct pressure on the posterior surface of the cord, the 
subarachnoid space in this region being obliterated. 

(ii) In the upper part of the spinal cord this dural pressure is accentuated 
by the usual flexed attitude of the upper part of the vertebral column 
at post-mortem examination. 

(iii) In those two regions of the cord where the artifacts most commonly 
occur the cord substance is softer in consistence than elsewhere. 
Serial sections of the cord revealed quantitative differences in the 
proportions of the white matter, myelin, neurogha, and pia mater 
at different levels which might account for the softer consistence m 
these two regions. The rabbits cord as a whole appeared to he 
softer than that of other species. 

(B) Multiple small radial cavities or cracks in the cord substance . These 
were shown to result from the exposure of the cord and to be related to the soft 
consistence of the cord, but their precise cause was not determined. 

2. Methods are described for histological fixation of the cord without 
opening the vertebral canal, by which means the above artifacts can be 

eliminated. 

3. Mention is made of the varying size of the central canal at different 
levels in the rabbit’s cord. 

4. The frequent occurrence of a few small spherical empty holes 
in the white matter of the rabbit’s brain and spinal cord is reported. 
Their nature is discussed, but no conclusion is reached as to their 
significance. 

5. The possible occurrence of similar artifacts in other species is 
discussed and the importance of eliminating such artifacts in all patho- 
logical investigations of acute traumatic lesions of the spinal cord is 
pointed out. 
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Fig. 12.— Spherical holes in the white matter of the rabbit’s central nervous system, 
(o) Anterior column of spinal cord. Transverse paraffin section. x 00. 

(ft) Posterior columns of spinal cord. Longitudinal frozen section. x 4G0. 
(<'} Cerebral white matter. Paraffin section. x 300, 

(d) Anterior column of spinal cord. Transverse paraffin section. x 300. 

(< ) Posterior column of spinal cord. Transverse paraffin section. x 4 GO. 

(/) Posterior column of spinal cord. Transverse frozen section. x 4 GO. 

Tiiowru., “Some Morphological Features of the Spinal Cord in the Rabbit.” 




THE BEHAVIOUR OF CHOLESTEROL AND LECITHIN 
TOWARDS NORMAL HiEMOLYTIC SERUM . 1 By Jui- 
Shtjah Lee ,and Chxao Tsai. From tbe Department of^ 
Physiology, College of Medicine, National Central University, 
Chengtu, China. 

(Received for publication* 31 st May 1943.) 

In a previous communication [1942] we have reported that the 
hemolytic action of dog serum towards rabbit cells can be inhibited 
by cholesterol. We have since extended our observations to sera and 
cells of a number of other species. In the meanwhile we have also 
performed experiments specially designed to elucidate the mechanism 
involved in this action. The results thus obtained are reported in this 
paper. 

Methods. 

For a qualitative study we have employed sera and cells from a 
variety of animal species. The blood from ox and hog was procured 
fresh from abattoirs, kept cold, and used within 3-6 hours, while those 
from other animals were obtained in the laboratory either by vena 
puncture or by heart puncture and used within 2-3 hours. Serum 
''vas separated off from the clot by centrifugation and the cells washed 
three times with normal physiological saline and finally suspended in 
Isotonic phosphate buffered saline (pH 7-30). Cholesterol suspension 
■^as prepared as described previously [Lee and Tsai, 1942]. 

The haemolytic potency of each serum was tested in each experiment 
beforehand in order to gain an idea as to the amount of serum required 
for producing 50-100 per cent, haemolysis. The anti-haemolytic activity 
of cholesterol was then determined in a series of tubes^ each containing 
0*03 ml. of 50 per cent, washed cell suspension, a definite quantity of 
haemolytic serum and a varying amount of cholesterol and of isotonic 
buffered saline, making up to a final volume of exactly 1-5 ml. The 
system was next placed in the water-bath. at 37° C. for 30 minutes and 
. then, centrifuged. The percentage of haemolysis was determined colori- 
metrically by matching the test sample with a series of standards 
prepared by lysing the same amount of cell suspension in water up to 

1 Preliminary _ brief accounts of the present work have appeared in the 
Proceedings of Chinese Physiological Society , Chengtu Branch. 1942 
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though the degree of inhibition varies somewhat with the sera of 
different species. Since our data were obtained from a small number 
of cases (with the exception of dog and rabbit, only 2-5 animals from 
each species), it is not justifiable to make a quantitative comparison at 
present. But the impression we gained was that the anti-hremolytic 
potency of cholesterol is lowest against goat serum, only moderate 
against sheep serum, and extremely variable with rabbit serum. 

The serum of rabbits varied according to the breed. The serum 
from the albino rabbit of local strain is non-hsemolytic to the washed 
dog cells. We have tested more than 30 rabbits and observed only two 
cases exhibiting feeble lytic action. On the other hand, 4 out of 5 of 
the local black variety, and 9 out of 11 of the hybrids between the white 
variety and the Angora strain, show high hsemolytic action on dog 
cells. We have also tested 4 Angora rabbits of original strain and found 
only 2 of them possessing haemolytic action on dog cells. 

The action of cholesterol on the haemolytic rabbit serum towards dog 
cells is exceedingly variable ; the haemolytic action of the black rabbit 
serum is not inhibited, while in 8 cases of the hybrids tested 3 show 
positive and 5 negative results. Cholesterol is not inhibitory or only 
slightly inhibitory to the haemolysis of guinea-pig cells caused by local 
white rabbit serum. 

2. The Anti-complementary Action of Cholesterol and its Reversi- 
bility . — If fresh dog serum is first mixed and incubated with a sufficient 
quantity of cholesterol, its haemolytic activity toward rabbit cells is 
lost entirely. To demonstrate the anti-complementary action of 
cholesterol, it is first necessary to determine the exact amount of 
cholesterol that just completely annihilates the lisemotytic action of a 
definite quantity of serum. These amounts may be referred to as 
balanced quantities of cholesterol and fresh serum. The latter may be 
called cholesterol-inactivated serum. It behaves exactly like the 
heated serum. This is illustrated by the data given in Table II. 


Table n. — S howing t he Anti-cootlesientaby Action of Cholesterol. 



Fresh serum 
required for 

50 per cent. 
hEemolysis, jul. 

1. Fresh serum alone ....... 

2. Fresh serum + 0-1 ml. heat-inactivated serum 

3. Fresh serum + 0*1 ml. cholesterol-inactivated serum 

92 

50 

V 50 


It will bo seen that the haemolytic potency of the fresh serum is 
increased by adding OT ml. heat-inactivated serum, presumably due 
to the activity of amboceptor in the latter (compare 1 with 2). The 
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the same volume as in the test series, and rediluting each sample with 
a different amount of water. The minimum quantity of cholesterol 
suspension that produced a definite inhibition of haemolysis was taken 
as a standard for comparison. 

For the study of the mechanism of the anti-haemolytic action of 
cholesterol onty dog serum and rabbit cells were used. The amount 
of cholesterol used for each System of tubes was kept constant, i.e. 
alwaj T s OT ml. of 0*05 per cent, suspension, while that of hemolytic 
serum was varied from 0*01 to 0*1 ml. in accordance with its haemolytic 
potency. In order to see whether cholesterol acts on the complement- 
er the amboceptor, the haemolytic serum in some cases was heated to 
50 o -o5° C. for 30 minutes before adding to the system. The hmmotytic 
potency of fresh dog serum" was expressed in terms of microlitres (pi.) 
required for the production of 50 per cent, haemolysis, and the anti- 
haemolytic potency of cholesterol in terms of jllL of fresh dog serum 
inactivated by it. For the exact mode of calculation reference must 
be made to our previous report [Lee and Tsai, 1942], 

Results. 

1. The Anti-hoemolytic Action of Cholesterol towards Sera of different 
Animals . — The results of this series of experiments are summarized in 
Table I, where the number of plus signs denotes the degree of 
inhibition ; when the minimum effective amount of cholesterol is below 


Table I. — The Inhibitory Effect of Cholesterol. 


Serum. 

Cell. 


Babbit. Hog. Dog, Goat. Sheep. Guinea-Pig. Man. 

Man. 

Ox . 

Sheep 

Goat 

Dog. 

Hog. 

Babbit 

+ + + .. .. .. .. + + + 

+ + + .. .. .. .. + + + 

+ + .. .. .. .. ++ + + 

+ .. .. .... + + 

+ + + + + + .. + + + + + + + + + + + + 
4 - 4 - 4 - . . 4-4-4- . . . . 4-4-4* 

.. .. 4-4-4- .. .. 4* or 0 

or 0 


•05*mg. in the 1*5 ml. system, we designate it with the symbol of + + + J 
when between 0-05-0-2 mg., + + ; when above 0-2 mg., + ; when 
1-5 mo still cannot produce visual effect, we consider it as no action (0). 

It°is noted that, excepting rabbit serum, the hemolytic action of 
the other sera upon a variety of cells can all be inhibited by cholesterol, 
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amboceptor and complement, hut preferentially inactivates the latter. 
When complement is present in the system, lecithin does not react with 
amboceptor. This is shown in Table IV. It shows that 35 fx 1. of 
fresh serum is inactivated when lecithin, heated serum, and fresh serum 
were mixed and incubated for 120 minutes (1). But if lecithin and 
heated serum were incubated for 118 minutes before being mixed with 


Table IV. — The Effect of Lecithin on Amboceftoh at 24° C. 





Fresh 

1 


Time of incubation. 

serum 

inactivated, 

| ■ 




1. Lecithin 'j 




Heated serum 
Fresh serum „ 

-mixed 

120 min. 

35 

2. Lecithin 

Fresh serum . 

f mixed 

118 min., then heated serum added. 

40 

3. Lecithin 
Heated serum J 

j* mixed 

118 min., then fresh serum added. 

20 


fresh serum, the amount of inactivation was much lower (3). This may 
be attributed to the reinforcement of the amboceptor action. Never- 
theless, when lecithin and fresh serum were incubated for an equal 
length of time and then mixed with heated serum (2), the degree of 
inactivation approached that in 1, indicating very little lecithin- 
amboceptor reaction taking place in the system. The anti-complemen- 
tary action of lecithin is also reversible. It has been demonstrated by 
similar experiments to those tabulated for cholesterol. For the sake of 
brevity all the details and numerical presentation are omitted. 


Summary. 

L Cholesterol is able to inhibit the haemolytic action of normal 
serum from a large number of mammalian species towards a variety of 
mammalian red blood cells. The only exception was found in the sera 
of some rabbits. 

2. The sera of most of the local rabbits does not exhibit lytic 
property against dog cells; only that of a few, especially of the black 
variety, possesses this lytic action. The lytic activity of the sera 
of some of these rabbits is inhibited by cholesterol, but that of others 
is not. 

3. This inhibitory action of cholesterol towards normal haemolytic 
serum is due to the inactivation of the complement. Similar behaviour 
has also been observed with lecithin. Unlike cholesterol, lecithin is able 
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S ^V le8rCG ° f aml30ce P t0r activity, however, was observed when the 
added serum was inactivated by just sufficient cholesterol instead of 
by heat (compare 2 with 3). This indicates that the complement must 
have been knocked out of action and that the amboceptor remains 
unaffected by cholesterol. 

It is of more importance to record that the anti-complementary 
action of cholesterol is reversible ; i.e . when the complement is destroyed, 
the anti-complementary activity" of cholesterol may be quantitatively 
recovered. As revealed in Table III, when just balanced quantities of 


Table III. — Reversibility or Cholesterol Action on Complement. 




Procedure. 


1. Cholesterol 

\ of balanced 

Kept at 37° C. for 30 min.. 


Fresh serum 

/ quantity mixed 

then cooled to room temp, 
for 20 min. Fresh serum 
added finally. 

0 

2. Cholesterol 

„ of balanced 

Kept at 37° C. for 30 min.. 


Fresh serum J 

f quantity mixed 

heated to 52° C. for 15 
min., and then cooled to 
room temp, for 5 min. 
Finally fresh serum added. 

42 

3. Cholesterol 'j 

of balanced 

Each kept at 37° C. for 


Fresh serum J 

quantity treated 
separately. 

30 min., heated to 52° C. 
for 15 min., and then 

43 


i 

cooled to room temp, for 

1 5 min. Finally they were 
mixed and fresh serum 
added. 


cholesterol and of the fresh serum (column 1) are mixed, they are 
mutually inactivated; i.e. the former loses its anti-heemolytic action 
and the latter its haemolytic. If a further quantity of fresh untreated 
serum he added to such a system, no inactivation takes place (see 1). 
However, if the cholesterol-serum system is heated to 52° C. for 
15 minutes, the process of inactivation of additional serum by choles- 
terol reappears (see 2). Similarly’', if the serum of a balanced quantity r 
is previously inactivated by heat and then mixed and incubated with 
cholesterol, the latter exerts a full anti-hiemolytic strength on the 
addition of fresh serum (see 3). The conclusion one would inevitably 7 
reach is that the action of cholesterol on the complement must be 
reversible; i.e. cholesterol is released -and made available for further 
anti-limmolytic action when the complement is entirely destroyed. 

3 The Action of Lecithin . — The effect of lecithin is somewhat 
different from that of cholesterol. Lecithin reacts with both 
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THE BEHAVIOUR OE CHOLESTEROL TOWARDS MMOLYTIC 
IMMUNE SERUM. 1 By Jtti-Shttan Lee and Chiao Tsai. 
From the Department of Physiology, College of Medicine, 
National Central University, Chengtu, China. 


(Received for publication, 31 st May 1943.) 

Since cholesterol is able to inhibit the haemolytic action of normal 
serum, it is interesting to see whether it possesses the same property 
towards haemolytic immune serum. Our observations reported below 
have proved it to be the contrary. The absence of the anti-haemolytic 
action of cholesterol in the immune serum may be due to the character- 
istic property of the acquired sensitizer or to the development of a 
special anti-cholesterol factor during immunization. The present 
experiments are designed to elucidate this point. 


Methods. 

Rabbits, goats, and dogs were immunized with repeated intravenous 
administrations of washed dog cells, dog cells, and rabbit cells respec- 
tively. The procedure was carried out under strictly aseptic conditions. 
The dosage for each injection was usually between 0*5- TO ml. /kg. of 
50 per cent, cell suspension. The method of preparing cholesterol 
suspension, and that of determining the degree of haemolysis, were as 
described previously [Lee and Tsai, 1942]. The haemolytic potency of 
the immune serum was estimated in terms of haemolytic units (H.U.) 
contained in 0-1 ml. serum. The quantity of serum that just caused 
50 per cent, haemolysis was estimated each time, and taken as 100 H.U. 
Knowing this, the H.U. in 0*1 ml. serum can be calculated according 
to the ratio of this amount of serum to that producing 50 per cent, 
haemolysis. The anti-haemolytic potency of cholesterol was expressed 
in terms of H.U. inactivated by it. If cholesterol reinforces instead of 
inhibiting haemolysis, it should reduce the amount of serum required 
for the production of 50 per cent, haemolysis ; from the reduced quantity 
of serum we could compute the cholesterol haemolytic units, which was 
prefixed with a minus sign in numerical presentation. 

] Protirtunary accounts of the present work have appeared in the Proceedings 
of the Chinese Physiological Society , Chengtu Branch, June 1942 and February 1943. 
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to reinforce amboceptor activitj r , but this occurs only in the absence 
of complement. 

4, The inactivation of complement by cholesterol and by lecithin 
are both reversible; i.e. when the complement is destroyed by heat, 
the anti-haemolytic potency of cholesterol and of lecithin is recovered 
quantitatively. 


REFERENCES. ' 

Lee, J. S., and Tsai, C. (1941). Proc . Chinese Physiol Soc. Ckengtu , Br. 1, 16. 
Lee. J. S., and Tsai, C. (1942). Ibid. 1, 09. 
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lytic action also could not be inhibited by cholesterol. This peculiar 
behaviour of rabbit serum is exceedingly interesting because it shows 
that the normal hemolytic rabbit serum cannot be acted upon by 
cholesterol. Repeated injections of dog cells into these rabbits did not 
bring forth any change in the reaction of their sera towards cholesterol, 
in spite of a considerable increase of haemolytic strength of the sera. 

2. Experiments xoith Goats . — Normal goat serum is not hsemolytic to 
dog cells, but becomes so only after immunization with the latter. Five 
goats were employed in this series of experiments.* Three goats were 
injected with dog cells once every 2 or 3 days for about one month, 
while the other two were given at first three injections at intervals of 
2-4 days and then left for about one month, at the end of which five 
more injections at corresponding intervals were given. For convenience, 
we may call the former procedure “regular sustained injection ?,/ and the 
latter “series interposed injection.” Tests for the hemolytic activity 
of the sera and for the anti-hsemolytic potency of cholesterol were 
carried out from time to time throughout the entire period of experi- 
mentation. 

The acquired haemolytic property of goat sera can be easily demon- 
strated after one or two injections of dog cells. With regular sustained 
injection, the rate of acquisition of the sensitizers varied enormously 
with individual animals. In two cases the haemolytic potency increased 
steadily with the number of injections, and continued to rise for many 
days even after cessation of the antigen administration. In the other 
case it remained stationary for a long time despite repeated injections, 
but began to rise progressively after the last injection and continued 
to rise for more than a month later. In all three cases the sera 
commenced to show resistance to the inhibitory action of cholesterol 
after the fifth injection. This tendency became stronger and stronger 
as immunization progressed until the anti-lytic action of cholesterol 
was completely prevented. The last condition persisted for a consider- 
able time, depending upon the number of injections. With a greater 
number of injections the recovery of the cholesterol action took place 
niuch later. Fig. 2 shows the characteristic trend of the ksemolytic 
strength of the serum and that of the anti-hsemolytic potency of 
cholesterol during and after the antigen administration. The curves 
are plotted from the data of a goat under prolonged observation. One 
notes that the development of the anti-cholesterol property of the 
serum does not run exactly parallel with the increase of the hsemolvtic 
strength. For instance, in the case presented in fig. 2 the abolition 
° cholesterol action occurs long before the kcemolytic strength has 
leached its maximum, and the recovery of the former commences at 
he time when the latter is still at its height. Unless we assume that 

e immune sensitizer possesses a new property of annihilating ckoles- 
crol action, we cannot escape the conclusion that there develops in 
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Results. 

1. Experiments with Rabbits, — In the preliminary experiments we 
used both the intravenous and intraperitoneal routes for the administra- 
tions of w ashed dog cells. But we soon found that with intraperitoneal 
injection the development of immune hemolytic power of the serum 
was so slow, and irregular that we had finally to abandon it. Fifteen 
albino rabbits of local strain were used. In IS of them the serum 
Before immunization was non-haemolytic to dog cells, whereas in the 
remaining 2 it was hmmotytic to it. The animals were all injected 
with washed dog cells three to four times at intervals of 3-14 days. 



Fig. 1. — The haemolytic potency ( 0 - 0 * 0 ) of the immune rabbit serum and the 
anti -haemolytic potency of cholesterol (x-x-x, with 0*075 mg. cholesterol; and 
| - f - f , with 1*5 mg.) in a rabbit (No, 219) immunized with dog cell. 

The haemolytic strength of the serum and the anti-hsemolytic potency 
of the cholesterol were then estimated from time to time during the 
period of antigen administration and subsequently. The longest 
observation we have made was 38 days after the last injection. 

The rabbit serum developed an immune haemolytic action against 
dog cells quite readily. It occurred shortly after the first or second 
injection. In most cases the hemolytic strength attained its height 
after the third injection and remained very strong for a considerable* 
time. In all the 13 sera which had acquired the immune hemolytic 
property, cholesterol in various concentrations from 0*075 to 3*6 rag. 
in the 1*5 ml. system invariably failed to prevent the haemolysis of the 
dog cells induced by the immune sera; in a few cases it even tended 
to reinforce haemolysis. Fig. 1 gives a typical picture showing that 
cholesterol in ‘low concentration (0*075 mg.) exerts no inhibitory action, 
while in higher concentration it reinforces haunolysis. 

We have stated that the sera from 2 of the 15 rabbits used in this 
series was able to lyse dog cells before immunization. This natural 
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in the hcemolytic strength of the serum and in the anti-lisemolytic 
potency of cholesterol. It is seen that the rise and fall of the two 



Fig. 3. — Graphs plotted from the same data as in fig. 1, showing the relation 
of the anti-hccmolytic activity of cholesterol and its concentration in the serum 
taken at different stages of immunization and afterwards. Curve (a) from the 
initial stage; (6), (c), (d), (e), (/ ), (<?) from subsequent stages; {h) and ( i ) about 
one and two months after the last injection respectively. 



0 16 32 48 64 80 96 

Days 

Fig. 4. — Graphs showing the haemolytic (x-x-x) and anti-lucmolytic changes 
in the goat (No. 6) scrum during and after series interposed injections with dog 
colls. Arrow-beads indicate injections. 

curves follow the same direction after the first series of antigen 
administrations, and then turn in opposite directions during and after 
the second series of injections. 

At first sight the curves seem to suggest a close correlation between 
the heemolytic strength of the serum and the anti-hajmotytic potency 
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the immune serum a special factor or condition that antagonizes, 
neutralizes, or makes conditions unfavourable for, the anti -lytic action 
of cholesterol. This latter assumption seems to be supported by our 
experiments to be described below. 

When a graded quantity of cholesterol (0-075-1*5 mg.) was added 
to a hvemolytic system containing the same amount of goat’s immune 
lytic serum that caused 50-100 per cent, haemolysis, it was observed 
that the increased inhibition of haemolysis by increasing cholesterol 
concentration occurred only in the serum secured during the initial 
period of immunization, but failed to^ appear in the serum obtained 



Days 

Fig. 2.- — Graphs showing the hemolytic potency (o-o-o) of the serum and the 
anti -haemolytic potency (x-x-x) of tho cholesterol in a goat (No. 1) during and 
after regular sustained injections with dog cells. The injections were made at 

2 or 3 days intervals. 

during the later stages of the development. This is shown by the 
graphs in fig. 3. Curve (a) is plotted from the data of the test made 
on a goat shortly after three injections with dog cells. It descends 
steeply towards the base-line, indicating a rapidly increasing inhibition 
of lysis by increasing cholesterol concentration. In this case hemolysis 
was completely prevented even with a relatively low cholesterol content 
in the system. On the other hand, in the immune serum prepared from 
the same goat at a much later date, i.e. after prolonged repeated antigen 
administration, the haemolysis-cholesterol concentration curve ( b ), (c), 
(d), (e), (/}, (g) tends to flatten out or even slightly elevate with the 
increase of cholesterol concentration. It should be noted that the 
hmmolytic potency of the serum at this time was no stronger than that 
w r hen the first test was made. However, about two months after the 
last injection, the serum, though still powerful in lysing dog cells, was 
no longer resistant to the anti-haemolytic action of cholesterol. Thus 
the hmmolysis-cholesterol concentration curve (fig. 3, h and i) at this 
time resembles that obtained during the initial immunization. 

Similar results were obtained in experiments on 2 goats with series 
interposed injections of dog cells. Pig. 4 shows graphically the changes 
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reduces or abolishes the cholesterol action, and in some cases may 
reverse it to a reinforcing action on haemolysis. 

Discussion. 

✓ 

The anti-cholesterol property .of the immune serum is very specific 
in that its manifestation requires the presence of the antigenic cell and 
specific complement. Thus, for instance, if the dog cell is replaced by 
the guinea-pig's in the immune rabbit serum and cholesterol system, 
the haemolysis of the latter cell is reduced or prevented. This is 
illustrated by the data in Table I, where one sees that high concentra- 


Table I. — Comparison of Cholesterol Effect on the Immune Babbit Serum 
in Lysing Antigenic (Dog) and Non-Antigenic (Guinea-Pig) Cells. 


Immune serum, 
ml. 

Cells lysed. 

Cholesterol (mg.) added to each 1*5 ml. 
system. 

. 

0. 0-075. 0-75. 1*5. 

Percentage heemolysis. 

—B 

| 

Dog 

Guinea-pig 

60 ‘ 40 85 99 

75 65 70 48 


tions of cholesterol reinforce haemolysis of dog cells but inhibit that of 
guinea-pig cells. In like manner, if the complement of the immune 
rabbit serum is substituted hj that of normal guinea-pig’s, cholesterol 
inhibition is again evident. As disclosed in Table II, no cholesterol 


Table II. — Comp arison of Cholesterol Effect on Two Types of Complement 
(one from Immunized Rabbit and the other from Normal Guinea-' 
Pig). 


Anti-dog 
sensitizing 
serum, ml. 

Complementary 
serum, ml. 

Cholesterol (mg.) added to each 1*5 ml. 
system. 

0. 0075. 0-75. 1-5. 

Percentage lucmolysis. 

0-15 (Rabbit) 
0-15 (Rabbit) 

0*075 (Rabbit) 
0*015 (Guinea-pig) 

60 60 65 65 

58 50 40 34 


inhibition was observed when heated immune rabbit serum was allowed 
to act with rabbit complement against dog cell, but this did not happen 
with guinea-pig complement. We have also carried out similar experi- 
ments with immune dog serum and obtained practically the same 
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of the cholesterol. But careful examinations reveal that the cholesterol 
activity suffers a great reduction at the time when the hemolytic 
potency is still advancing, and recovers before the decline of the lytic 
power of the serum. 

3. j Experiments with Logs . — That haemolysis 'Of rabbit cells induced 

normal dog serum can be prevented by cholesterol has been demon- 
strated in our previous investigation [Lee and Tsai, 1941). . What would 
happen if washed rabbit cells are injected into the dog? Does the 
latter also acquire a- special factor against cholesterol action? To 
settle this problem, we have performed experiments on 5 dogs. After 



}? lG . 5. Graplis showing the haemolytic and anti-hremolytic changes in tl\Q 

dog (No. l\ serum before and after repeated injections with rabbit cells? s-x-x, 
hcemolytic curve; anti-hvcmolytic curve obtained with 0*375 mg. cholesterol 

in the 1-5 ml. system; o-o-o, anti -haemolytic curve vrith 0-075 mg. cholesterol jn 
another corresponding system. Arrow-heads signify injections. 


a. prolonged control observation the animals were injected with washed 
rabbit cells four or five times at intervals of 2-10 days. The results are 
consistent and conclusive in showing that the serum, the haemolytic 
strength of which increased only slightly, invariably became refractory 
to cholesterol action after the third or fourth injection of the antigen. 
Tig. 5 shows the typical course of haemolytic and anti-haemolytic 
changes. In a number of tests we found that cholesterol may exert a 
reinforcing action on haemolysis of the rabbit cell by the immune dog 
serum This occurred more frequently and strikingly at low than at 
hhrh concentrations of cholesterol (fig. 5), which is the opposite to what 
jf„ 0 nc. e rved in rabbit and goat immune serum. The reason for this 
I- r^-mcv is not known. At any rate, it leaves no room for doubt 
S t the serum has developed, by immunization, a condition that 
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from the attack of lytic agents, it is conceivable that it may do the 
same to foreign cells introduced from without. If that is so, then the 
anti-cholesterol property may play an important role in immunity, 
because it may prevent the plasma cholesterol from protecting the 
invading cells and thereby leave them free to be dealt with by the lytic 
agents in the body. Although this hypothesis is, of course, purely 
speculative, it opens up for research many problems the solution of 
which may throw light on the long-debated questions regarding the 
relation of cholesterol to immunity. 

Summary. 

1. A specific property that antagonizes the anti-haemolytic action 
of cholesterol, or may even reverse it to an accelerating one on 
haemolysis, has been demonstrated in the sera of rabbits, goats, and 
dogs immunized with dog cells, dog cells and rabbit cells respectively. 

2. This property is always associated with the acquired sensitizers, 
but its development does not run exactly parallel with them. 

3. The specificity of the anti-cholesterol property is demonstrated 
by the fact that it acts only in the presence of specific antigen and 
complement. 

4. It is not. related to the agglutinating property or process of the 
immune serum. 
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results^ Bptli normal and immune dog sera^ are able to lyse human 
and guinea-pig cells, and the haemolysis of the latter can be prevented 
by cholesterol in proper concentration. If now the rabbit cell (antigen) 
is replaced by human or guinea-pig's, the immune dog serum no longer 
resists the anti-lytic action of cholesterol. Similarly, if the guinea-pig’s 
complement is employed in place of dog’s, the inhibitory behaviour of 
cholesterol is again manifested. It is clear then that the anti-cholesterol 
property of the immune serum is almost as specific as the sensitizer. 
This statement raises the question as to whether this property is 
characteristic of the new sensitizer. No doubt they are closely 
associated with each other , but whether the anti-cholesterol property 
can be independent of the new sensitizer requires further experiments 
for elucidation. 

The most interesting fact demonstrated in the present experiment 
is the reaction of dog serum. Although the lytic action of normal dog 
serum toward rabbit cells can be easily inhibited by cholesterol, tills is 
no longer so, or the action may even be reversed to a reinforcing eSecfc 
on haemolysis after a few injections of rabbit cells. Whether the 
accelerating phenomenon is due to the same property that prevents 
the cholesterol inhibition remains to be studied. At any rate, the 
development of this property seems to be a general body reaction in 
response to the introduction of the antigen, irrespective of the presence 
or absence of the natural haemolytic sensitizer. 

The development of this property in the serum is not exactly 
parallel with the rate of formation of the new sensitizers, because in 
the goat it becomes manifest only after prolonged immunization, and 
wanes before the disajDpearance of the haemolytic element, while in the 
dog this factor is exceedingly strong despite the small increase of the 
haemolytic strength. Although our data provide no justification for 
dim wing a conclusion regarding the precise relationship between -this 
property and the sensitizer, we believe, on the basis of the above 
findings, that the development of this property is not due to the 
excessive accumulation of sensitizers. 

It may be remarked that the immune sera of all the animals used 
always develop an agglutinating reaction. Does the agglutinin or the 
agglutinating process affect or interfere with the action of cholesterol ? 
Our experience shows this not to be so, because the agglutinin titre is 
usually not parallel with the onset of the change of the serum towards 
the cholesterol action. For instance, in many cases the serum has 
developed this latter factor long before it exhibits any detectable 
agglutinating property. 

What physiological significance does the acquisition of this anti- 
cholesterol property of the serum have? It is rather premature to 1 
make a fruitful conjecture at present. But, if we assume that the 
normal function of the plasma cholesterol is to safeguard the red cells 



THE PROTECTIVE ACTION OF THE SERUM AGAINST 
NATURAL HiEMOLYSIN. 1 By Jui-Shtjan Lee and Chiao 
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(Received for publication 31 st May 1943.) 

That dog serum is haemolytic to washed rabbit red cells is well known. 
In our previous communication [Lee and Tsai, 1942] we have reported 
that the activity of this normal haemolytic serum (natural haemolysin) 
towards rabbit cells can be inhibited by cholesterol and lecithin. In 
the present experiment similar action was observed with rabbit serum. 
The present paper deals with a series of experiments attempted to 
elucidate the mechanism of this inhibitory action of the serum. 


Methods. 


The methods used in the present study were practically the same 
as those described in our previous publication [Lee and Tsai, 1942], 
Log serum was prepared from blood withdrawn from the external 
jugular vein. Rabbit blood was obtained by bleeding the animal from 
the carotid artery under general ether anaesthesia, or in some cases 
under local narcosis with cocaine. All the samples were left at room 
temperature for 30-60 minutes and the serum was separated off from 
the clot by centrifugation. The haemolytic system consisted of 0-03 ml. 
of 50 per cent, washed rabbit cells, a variable amount of haemolytic and 
anti-haemolytic sera and a variable amount of isotonic buffered saline, 
making up exactly to a final volume of 1-5 ml. The percentage of 
haemolysis was determined colorimetrically after the system was 
incubated at 37° C. for 30 minutes. 

In some experiments the rabbit and dog sera were mixed together 
and incubated at 37° C. for 30 minutes before adding to the system 
containing cells. In some other experiments the anti-haemolytic rabbit 
serum was heated at 55°-56° C. for half an hour before use. In still 
another series of experiments sensitized rabbit cells were employed. 
They were prepared by mixing the washed rabbit cells with 10 volumes 
of heated dog serum (HDS), which was then incubated at 37° C. for 
two hours. At the end of incubation the mixture was centrifuged, the 
serum removed, and the cells washed thrice with normal saline. The 


1 Preliminary report of this work lias appeared in the 
Chinese Physiological Society , Chengtu Branch , February 1942 
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variations are the main characteristics of the interaction of PBS and 
RC with graded quantities of PRS found in practically all our experi- 
ments. Further analysis reveals that they are conditioned by a number 
of relevant factors, which we shall describe separately in the following 
sections. 

2. Cholesterol not the Sole Agent involved in this Protective Mechanism* 

That cholesterol is anti-complementary toward the normal haemolytic 
serum has been clearly^ demonstrated in our experiments reported in the 
preceding paper. But that it is not the sole factor in the protective 
mechanism of FRS against the haemolytic action of PDS on RC is 
shown by the following experiment. When cholesterol was employed 
as the anti-hsemolytic agent in place of PRS, the reduction of RC 
haemolysis induced by PDS seemed to vary with, though not exactly 
proportional to, the quantity of cholesterol. As shown in fig. 1, c, the 
rate of hsemolysis decreases with the concentration of cholesterol in the 
system, at first very rapidly and then followed by a negative accelera- 
tion. It is not so if cholesterol is replaced by PRS. This may be 
taken to mean that the anti-hsemolytic action of PRS is different in 
nature from that of cholesterol alone. We may therefore postulate that 
cholesterol is one of the factors in PRS that exerts the protective action 
on the cells against PDS, but it cannot be the only one. In the follow- 
ing series of experiments it will be shown that sensitization of rabbit 
cell by dog serum, as well as the presence of an anti-sensitizing factor, 
also play an important role in this complex protective mechanism of 
the serum. 


3. The Effect of Sensitization. 

We have already mentioned that washed rabbit cell can be sensitized 
by heated dog serum and subsequently liaemotysed by its own serum. 
When PDS and PRS were added together to the sensitized rabbit-cell 
(SRC) suspension, the extent of haemolysis Avas much greater than when 
PDS was used alone (compare fig. 2, a with 2, b). Here the protective 
action of PRS is entirely masked. We may assume provisionally that, 
in the case of initially unsensitized cells, the cells may become gradually 
sensitized after being mixed and incubated with PDS and that after 
partial sensitization the PRS may act hsemolytically toward rabbit 
cells if present in sufficient quantit} 7 . In other words, in such a system 
the FRS may exert two opposite actions: an anti-hsemolytic one, 
largely due to cholesterol and allied substances, and a hemolytic one, 
due to its complement acting upon the partially sensitized cells. The 
latter process can, however, take place only after an interval of time 
necessary for sensitization. The time factor is eliminated when washed 
RC has been previously sensitized by HDS. In this case the rabbit 
complement can at once attack its own cell upon their being brought 
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washed cells were diluted with buffered saline up to 50 per cent, 
suspension. . The cells so treated may be hasmolysed by the serum of 
the same animal and are said to be sensitized; i.e. the rabbit cells are 
now endowed with dog amboceptor and thus rendered sensitive to the 
haemolytic action of the complement of its own serum. 

Results. 

1. The Complex Nature of the Protective Action of the Serum. 

When fresh rabbit serum (PBS) was added together with fresh dog 
serum (FDS) to the washed rabbit cell suspension (RC), the haemolytic 


Cholesterol ty> added 
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Rabbit serum fmlJ added 

Fig* 1. — Showing the effect of haemolytic normal dog serum on the initially 
unsensitized rabbit cell. <7, FDS (0*075 ml.)+RC; 6, FDS+FBS+RC, simul- 
taneously mixed; c, FJDS -f cholesterol, incubated, then RC added; d, FDS +HKS, 
incubated, then RC added; c, FDS +FRS, incubated, then RC added. 

activity of the dog serum was reduced, indicating the protective action 
of FRS for RC. However, the anti-haemolytic activity of FRS was 
not proportional to its quantity in the system . This is illustrated by 
the results of a typical experiment graphically represented in hg. 1* 
When 0*075 ml. FDS alone was employed in the system , the magnitude 
of hasmolysis of RC was approximately 45 per cent . (curve a). On 
the other hand, when FRS was introduced into the system in addition 
to FDS, the extent of haemolysis became lessened (curve b). The 
curve in this case appears rather complex. In a number of experiments 
we always observed the least haemolysis with low concentrations of 
FRS. With higher concentrations , the degree of haemolysis was not 
further reduced ; as a matter of fact, in a few cases it approached almost 
the same level as, or even far beyond, the line when FDS was allowed 
to act alone on RC. Nevertheless, a further increase of FRS tended 
in all cases to bring down the percentage of haemolysis again. These 
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again as the amount of FRS is further increased (fig. 1, b ). This 
phenomenon cannot be interpreted by the action of the factors already 
enumerated, but must be conditioned by some other factor existing in 
the FRS that causes a partial inhibition ' of the sensitization of RC 
induced by FDS. The presence of the anti-sensitizing factor in rabbit 
serum is revealed when an ample quantity of rabbit serum is present 
in the system during the process of sensitization. For the sake of 
brevity we can only present a typical example as follows: A series of 
samples containing 0*03 ml. EC suspension, 0*3 ml. HDS, and a variable 
amount of FES were incubated at 37° C. for SO minutes. The cells in 
the system were then washed three times with buffered saline so as to 
free them completely from the adhesion of the sera. After proper 
dilution the degree of sensitization was tested by reintroducing 0*2 ml. 
of FRS or FDS into the cell suspension and determining the percentage 
of haemolysis. The results of this experiment are given in Table I. 
It is seen that the sensitization of EC by FDS is lessened or prevented 
by FRS, depending to a large extent upon the relative amount of the 
latter introduced into the sensitizing system. 

We have also tested heated rabbit serum (56° C. for 30 minutes) 
and found that it possesses an equal or even slightly stronger inhibitory 


Table I. — The Inhibitory Action of FES on the Sensitization of 

EC by HDS. 


Sample Ho. 

1 . 

2. 

3. 

4. 

5. 
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7. 
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0-3 
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1*0 

Htemolysia per cent, by 0-2 ml. FRS 
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Table II. — The Inhibitory Action of FES and HKS on the Sensitization 

of EC by HDS. 


FES or HRS ml. added during 

Without 

With previous 
sensitization. 

sensitization. 

previous 

sensitization. 

i 

0 . 

0 . 

0*075. 

0*15. 

0-75. 

1*35. 

Haemolysis per 

( {«) With previous 
I» \ incubation. 

20 

30 

34 

33 

30 

26 

cent, by FDS 

1 (6) Without 

20 

30 

37 

34 

30 

26 

after sensitiza- 
tion. 

( (cr) With previous 
H. -[ incubation, 

t l(t) Without 

20 

36 

32 

31 

25 

21 


20 j 

36 

32 


1 26 

1 

21 


I, using FES as anti-sensitizing agent. 
II, using HES as anti -sensitizing agent. 
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together, causing more marked haemolysis after a short period of 
incubation. On the other hand, when FDS and FES are allowed to 
act simultaneously upon the initially unsensitized rabbit cells, the 
immediate reaction is, of course, an inhibition on account of the anti- 
complementary action of FRS on the haemolytic FDS. This is followed 
sooner or later by a diminution of inhibition when EC is sufficiently 
sensitized by dog serum, that is when the hemolytic action of rabbit 
serum overpowers the anti-haemolytic strength of cholesterol and allied 

Cholesterol iy> added 



Fig. 2 . — Showing the effect of hromolytic normal dog serum on previously 
sensitized cell, a, FDS (0dl3 ml.) -fSRC; 6, FDS 4 FRS 4 SRC, simultaneously 
mixed; c, FDS 4* cholesterol, incubated, then SRC added; d, FDS 4 HRS, 
incubated, thou SRC added; c, FDS 4 FRS, incubated, then SRC added. 

substances contained in it. This explains the rise of the haemolysis 
curve with a certain increased quantity^ of FRS (fig. 1, b). 

It is pertinent to remark that the effect of FES is quite different 
from that of HRS on the sensitization of RC by FDS. Careful examina- 
tion of the graphic records in figs. 1 and 2 (compare fig. 1, c with 1, t 
for initially unsensitized cell, and fig. 2, c with 2, d for sensitized cell) 
reveals the fact that the a n ti -h mm olyff i c behaviour of HRS is very 
similar to that of cholesterol. Since HRS contains no complement, it 
can no longer haamolyse RC even after the latter has been sensitized 
by dog serum. This would probably explain the absence of rise of the 
haemolysis curve with the increased quantity of HRS added to the 
system. In other words, the anti-hsemotytic action of HRS must be 
largely due to cholesterol and allied substances. 

4 , The Presence of an Anti-sensitizing Factor and its Influence. 

It is of prime importance to note that the hemolysis curve obtained 
from the FDS and RC system in the presence of FRS tends to decline 




CHANGES IN THE CIRCULATING BLOOD IN MAN FOLLOWING 
BLOOD LOSS OR TRANSFUSION OF CONCENTRATED 
RED CELLS. 1 By M. Dyson, G. Plant, and Janet Vaughan. 

(Received for publication IS th August 1943.) 

The objects of the present paper are (i) to describe observations which 
show that extremely rapid changes may take place in the distribution 
of fluid between the tissues and the circulating blood in man, (ii) to 
emphasise the need to recognise that such changes may occur when 
assessing the effect of either the removal or administration of blood. 

The experiments on blood loss were undertaken as part of an in- 
vestigation into the factors that might be responsible for vasovagal 
attacks or “faints” in blood donors. The observations on the effect 
of transfusion of concentrated red cells were begun in order to check the 
dye method of estimating blood volume against the concentrated 
corpuscle differential agglutination method [McMichael et al ., 1943]. 

Experimental Procedure. 

Observations were made on 8 healthy subjects before removal of 
540 c.c. of blood and for a two-hour period after bleeding, and on 8 
severely anaemic individuals before and after a transfusion of approxi- 
mately 450 c.c. of concentrated red cells [MacQuaide and Mollison, 
1940]. 

In the case of the healthy subjects the following procedure was 
adopted. Having had their ordinary breakfast they reached the 
bleeding depot at 9 o’clock and lay down for half an hour covered with 
a blanket. They were given sufficient hot-water bottles to keep them 
comfortably warm. At 9.30 a sample of blood was withdrawn from 
a vein in the anticubital fossa without congestion. Evans blue dye 
was then injected into the vein of the other arm as described below. 
Further samples of approximately 15 c.c. each were then withdrawn 
at half-hourly intervals for H hours, with the exception of Case 8 when 
the withdrawal took place after 45 minutes. At the end of this time 
540 c.c. of blood were removed by the usual depot procedure. In order 
to calculate the quantity of cells and plasma removed in 540 c.c. of 
Dop ^ Cp0rt t0 ^ lo Medical Research Council from the N.W. London Blood Supply 
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power on the sensitization process indicating the thermostability of the 
anti-sensitizing factor. Table II records the results of a typical experi- 
ment. using FDS (0*075 ml. in 1*5 ml. containing 1 per cent, sensitized 
cell suspension) as the hsemolysing agent. In this experiment the cells 
in saline suspension (1 per cent.) were sensitized by HDS (0-075 ml. in 
1*5 ml.). It is noted that when sufficient FRS is added to the system, 
the extent of haemolysis is comparable with that without previous 
sensitization; i.e. the process of sensitization in this case is completely 
inhibited. It should also be remarked that previous incubation of 
FDS with FRS (at 37° C. for CO minutes) does not heighten the process 
of sensitization. The absence of such an influence may be taken to 
mean that the inhibitory action of FRS on the sensitization of EC by 
HDS can occur only in the presence of cells. 

When FDS and FRS are mixed and incubated before adding to EC 
suspension, the extent of haemolysis is relat-ivety less (figs. 1, e and 2, e ) 
than when they are mixed with the cells without previous incubation 
(figs. 1, h and* 2, 6). According to the observations described in the 
preceding paragraphs, one cannot escape the conclusion that the differ- 
ence between these two cases is due to the partial inactivation of 
complement by the anti-complementary mechanism of both rabbit and 
dog sera. 

SlBBIABY AND CONCLUSION. 

1. Rabbit serum exhibits an inhibitory behaviour towards the 
hremolytic action of dog serum on rabbit cells. The protective power 
of rabbit serum increases after the destruction of its complement by 
heating. 

2. Rabbit serum may haemolyse its own cells after the latter have 
been sensitized by heated dog serum. 

3. Rabbit serum, either fresh or heated, is able to reduce or abolish 
the sensitizing action of dog serum, presumably due to the existence 
of a thermostable anti -sensitizing factor in the rabbit serum. 

4. It is therefore concluded that the protective action afforded by 
rabbit serum against the-hmmolytie action of dog serum on rabbit cells 
may be attributed to two factors : the anti-complementary factor, which, 
according to our previous investigation, is largely due to cholesterol and 
allied substances, and an anti-sensitizing factor, which inhibits the 
sensitization of rabbit cells by dog serum , and thus prevents the rabbit 
serum from becoming Iisemofytic to its own cells. The exact nature of 
the anti-sensitizing factor is unknown. 


REFERENCE. 
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The objects of the present paper are (i) to describe observations which 
show that extremely rapid changes may take place in the distribution 
of fluid between the tissues and the circulating blood in man, (ii) to 
emphasise the need to recognise that such changes may occur when 
assessing the effect of either the removal or administration of blood. 

The experiments on blood loss were undertaken as part of an in- 
vestigation into the factors that might be responsible for vasovagal 
attacks or “faints ” in blood donors. The observations on the effect 
of transfusion of concentrated red cells were begun in order to check the 
dye method of estimating blood volume against the concentrated 
corpuscle differential agglutination method [McMichaei et aL , 1943]. 

Experimental Procedure. 

Observations were made on 8 healthy subjects before removal of 
540 c.c. of blood and for a two-hour period after bleeding, and on S 
severely anaemic individuals before and after a transfusion of approxi- 
mately 450 c.c. of concentrated red cells [MacQuaide and Mollison, 
1940]. 

In the case of the healthy subjects the following procedure was 
adopted. Having had their ordinary breakfast they reached the 
bleeding depot at 9 o'clock and lay down for half an hour covered with 
a blanket. They were given sufficient hot-water bottles to keep them 
comfortably warm. At 9.30 a sample of blood was withdrawn from 
a vein in the anticubital fossa without congestion. Evans blue dye 
was then injected into the vein of the other arm as described below. 
Further samples of approximately 15 c.c. each were then withdrawn 
at* half-hourly intervals for li hours, with the exception of Case 8 when 
the withdrawal took place after 45 minutes. At the end of this time 
540 c.c. of blood were removed by the usual depot procedure. In order 
to calculate the quantity of cells and plasma removed in 540 c.c. of 
Dopo? C ^° rfc t0 ^ €searc h Council from the N.W. London Blood Supply 
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blood when a pressure of SO mm. Hg was maintained above the vein. 
a sample of blood was taken from the blood withdrawal apparatus at 
the beginning of bleeding and another at the end of bleeding. Hematocrit 
estimations were made on both samples and the mean of the two readings 
was taken to represent the hmmatocrit value of the 540 c.c. of blood 
withdrawn : from this figure the total quantity of red cells and plasma 
removed was calculated. Further samples were collected immediately 
after bleeding from the opposite arm and at quarter-hourly intervals 
for one hour and a final sample two hours after bleeding, the subject 
remaining at rest. One cup of tea was given to all subjects after the 
removal of 540 c.c, of blood, in order to make conditions similar to 
those of the ordinal blood donor. 

In the case of anaemic patients receiving transfusions the initial 
plasma volume was determined by the same method as that described 
later for normal subjects. The patients were then given a transfusion 
of 450-520 c.c. of concentrated red cells, and further samples of blood 
for estimation of plasma volume were withdrawn within a quarter of an 
hour of finishing the transfusion and two hours later. No attempt was 
made to standardise either the age or the concentration of the red cells 
given. In subsequent experiments a standard concentrate only should 
be used. 


(i) Hcemciiological Investigations. 

The following observations were made upon each sample: red cell 
counts, haemoglobin estimations, cell volume and mean corpuscular 
volume, upon heparinised venous blood bj r methods previously described 
[Price Jones, Vaughan, and Goddard, 1935]. All the red-cell counts 
and haemoglobin estimations were made by one observer (J.VJ 
Differences greater than 200,000 per cm. in the red-cell count are 
probably significant. Haemoglobin is read to an accuracy of ±2 per 
cent, on the scale. The estimation of mean corpuscular volume is more 
open to eiTor as it is calculated from the red-cell count and the packed 
cell volume. Brown et al. [1942] have estimated that changes in mean 
corpuscular volume are not significant unless they exceed 5-4 per cent- 
The possibility of double error applies also to mean corpuscular hsemo- 
globin and mean corpuscular haemoglobin concentration. On one 
individual 1 1 estimations of mean corpuscular haemoglobin throughout 
the day varied by as much as 1*67 yy and 12 estimations of mean 
corpuscular haemoglobin concentration per cent, varied by as much as 
1*91 per cent. Changes in any of the above values that are maintained 
over a series of observations are clearly more likely to be significant 
thaw changes noted at a single reading. The latter might well be due 
to personal error when the large number of observations made during 
the experimental period is remembered. 
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(ii) Plasma Proteins. 

In the early cases plasma or serum protein was estimated by the 
method of King et al. [1937, 1942]. Differences greater than 0-4 g. are 
considered significant- In the later cases the Micro -Kjeldahl technique 
was employed — differences greater than 0*25 g. are then considered 
significant [Dyson and Plaut, 1943]. 


(iii) Plasma Volume . 

The plasma volume 'was determined by ‘ Harington, Pochin, and 
Squire's [1940] modification of the method of Gibson and Evans [1939]. 
Evans blue dye, 12 mg. dissolved in 5 c.c. of saline, was injected from 
a calibrated syringe into the median cubital vein, the syringe being 
washed out with blood three times. Samples for the determination of 
the disappearance curve for the dye were withdrawn from the vein on 
the other arm. Estimations were made on serum samples rather than 
plasma since hsemolysis does not occur so readily in serum: The 
concentration of dye when extracted was estimated in a Hellige colori- 
meter in a dark room. Ten different estimations made on one sample 
showed a variation in plasma volume of 3-9 per cent., the biggest actual 
difference observed being 116 c.c. on a total plasma volume of 3042 c.c. 
This includes the errors in the colorimetric reading and those inherent 
in the different procedures involved in sampling and extracting the 
dye. The initial plasma volume was obtained by extrapolating back 
from the first three points of the disappearance curve of the dye, i.e. 
from the concentration of dye in samples taken at i- hour, 1 hour, and 
1J- hours after injection. Subsequent calculations of plasma volume 
were made by extrapolation back parallel to this initial disappearance 
curve from any point obtained for concentration of dye, a modification 
of the method suggested by Gibson and Evans [1939]. In order to 
check how far this method is likely to be satisfactory in our hands and 
using the dye sample available to us, dye was given in the usual way 
to a'normal subject, and a disappearance curve plotted over this period, 
the plasma volume for each point on the curve being calculated by the 
method described above. A further injection of dye was then given 
at the end of 24 hours and a fresh disappearance curve plotted from 
points obtained •?, hour, 1 hour, and 1£ hours after injection of the dye 
(Table I). The reasons for the irregularity of the curve observed are 
discussed below. Estimations of plasma volume calculated from both 
the first disappearance curve at the end of 24 hours and the second 
disappearance curve differed by only 58 c.c., which is considerably less 
than the difference observed on ten estimations on the same sample. 
The metliod of extrapolation as used, therefore, appears satisfactory 
in our hands. The results obtained by our method of calculation gave 
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Table I. — Plasma Voluaie and Hematological Values in a Normal 
Ambulatory Subject. 
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comparable though rarely precisely identical results with those obtained 
by the use of the formula suggested by Gibson and Evans [1939]. In 
order to determine whether fluctuations in plasma volume may occur 
spontaneously in a resting subject, seven estimations were made on 
one individual during a period of 13 hours (Table II). The maximum 


Table H. — Plasma Volume and Hematological Values in a Normal 

Resting Subject. 
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difference observed was 110 c.c. again within the limits of the error of 
the method. It is, however, essential if small differences are to be 
accepted to keep the subject at complete rest. In a series of observa- 
tions made on the same subject when ambulatory, differences in plasma 
volume as big as 027 c.c. were observed between different samples 
(Table I). In all the experiments recorded here, therefore, the subjects 
were maintained at complete rest, lying down during observation. In 
order to obtain figures for plasma volume after blood withdrawal, 
it appeared necessary to allow for the dye removed in the 540 c.c. of 
blood. This was calculated in the following way. The total amount 
of blood removed was measured, tbe relative quantities of plasma and 
cells in tbe removed blood were estimated as already described from 
tbe hematocrit readings of the samples taken at the beginning and 
end of bleeding. The concentration of dye in the plasma removed was 
also estimated, and knowing the total volume of this plasma it was then 
possible to calculate the amount of dye removed. In any subsequent 
calculations of plasma volume allowance was made for this removed 
dye. The points obtained for dye concentration after withdrawal were 
extrapolated back parallel to the original disappearance curve of the 
dye. From the reading so obtained, knowing the amount of dye left 
in the circulation, the plasma volume was calculated in the usual way. 
In one instance the above corrections were also made for. withdrawal 
of dye with each sample: the differences were so small from reading 
to reading that it was felt justifiable to ignore such corrections. It 
may be objected that after removal of some dye the disappearance curve 
of what remains may be altered, and further that the curve majr be 
affected by any alteration in plasma volume that occurs. There is at 
present no means of controlling these possible sources of error. The 
effect is, however, likely to he small in comparison to the differences 
observed. 

The figures for plasma volume, cell volume, and blood volume that 
might be expected after removal of 540 c.c. of blood which are shown 
in the charts as calculated volume were obtained by subtracting the 
volume removed from the volume observed before bleeding. In the 
same way the figures for plasma volume, cell volume, and blood volume 
that might be expected after transfusion of red cells, expressed as 
calculated volume, were obtained by addition of the volume given to 
the volume observed before bleeding. 

Results. 

Withdrawal of 540 c.c. of Blood. 

The results of removing 540 c.c. of blood were variable. Three 
types of response were obtained: 

Type 1 : No Dilution . — A woman of 36 (K. G.) showed an appro xi- 
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jnately constant red-coil count and hemoglobin before and after 
bleeding. The plasma volume fell to the calculated level and remained 
there for the two-hour period (see fig. 1 and Table III). 



Pig. 1. — Effect of removal of 540 c.c. of blood on haemoglobin, red cells, mean 
corpuscular volume, cell voluihe, plasma volume, and blood volume in a normal 
individual. No dilution. 


Table III. — Maximum Effect Observed in Two-hofk Period following 
Removal of 540 c.c. of Blood. 



Plasma 

volume, 

c.c. 

Cell 

volume, 

C.c. 

Haemo- 
globin, 
per cent. 

thousands 
per cm. 

M.C.V.. 

c/t. 

yy. 

M.C.H.C. 
per cent. 

Proteins 
g. per 
cent. 

Method. 

SMH 

+ 612 

+ 203 

- 8 

- 600 

+ 20 

+ 1-98 

-0*63 


King 

King 

>. G.P. 

+ 342 

+ 163 

- 8 

-600 

+ 8 


-1*46 

no 

chnngo 

5. N. 11. 

+ 355 

+ 30 

-10 

-800 

+ 13 

+ 1*79 

-1*79 

-0*4 

Micro* 

Kjeldahl 

t. H. J. 

+ 313 

+ 291 

- 8 

-700 

+ 14 

+ 1-83 

j -2*47 

-0*14 

Micro- 

Kjeldahl 


+ 305 

+260 

- 7 

-700 

+ 10 | 

-1*23 
+ 1-3 

-2*5 

-O’o 

King 

5. H. 

r. t. 

+ 201 
j +200 

+ 118 

+ lOo 

- S 

- 6 

-300 

-600 

no change 
+ii | 

KB 

-0*89 

-1*35 

-0*6 

no 

chan go 

King 

King 

1 K. G. 

+ 45 

- 174 

no change i 

no change J 


E§| 

+ 2*58 j 

- 1 
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Type II: Over dilution . woman of 48 (M. E.) showed con- 
siderable overdilution as evidenced by a plasma volume greater than 
she had before bleeding (Table III and fig. 2). Her hemoglobin fell 
from 94 per cent, to 86 per cent. Her plasma volume at the peak was 
620 c.c. above the calculated figure, 218 c.c. above the initial value. 
In addition her total cell volume was increased by 263 c.c. above the 



Fig. 2. — Effect of removal of 540 c.c. of blood on hosmoglobm, red cells, mean 
corpuscular volume, cell volume, plasma volume, blood volume, and serum protein 
in a normal individual. Overdilution. ' 

calculated volume and 39 c.c. above the original volume due to an 
increase in mean corpuscular volume. In other words, approximately 
883 c.c. of fluid had come into the circulation from the tissues. 

Type III : Moderate Dilution . — The other six donors showed a 
varying increase in plasma volume above the calculated figure (Tablelll), 
the initial volume being restored within 2 hours in some cases. The 
time at which dilution occurred was variable. It appeared to have 
already started by the time the blood withdrawal was finished and 
reached a maximum at the end of 1 hour with one exception when a 
maximum was found at the end of 2 hours. In the others a slight 
decrease in plasma volume was noticed at the end of 2 lionrs. The 
increase in plasma volume was associated except in one instance with 
an appreciable and maintained increase in mean corpuscular volume. 
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There was an associated fall in haemoglobin and red-cell count, which 
was also maintained through the period of observation. 

In ’none of the subjects was a rise in serum protein noted, and in 
three instances there was an appreciable fall. In 6 out of the 8 cases 
the change observed in mean corpuscular haemoglobin after bleeding 
was no greater than that observed in a normal individual throughout 
the day. In two instances it was slightly greater, being 1*98 yy and 
1*83 yy respectively, the biggest variation observed in the control 
being 1*67 yy . It is doubtful whether the difference is significant, so 
that it may be concluded there was no appreciable change in mean 
corpuscular haemoglobin. The mean corpuscular haemoglobin con- 
centration per cent, changed inversely to the mean corpuscular volume, 
though again with three exceptions the change was no greater than 
that seen in the control. The fact that there was no significant change 
in these values suggests that both the haemoglobin and red-cell figures 
are correct. 


Transfusion of Concentrated Red Cells. 

In the eight anaemic individuals receiving transfusions of concen- 
trated red cells the data are less complete, as it is not possible to perform 
venepunctures at will on extremely ill patients. In four patients there 
was an increase in plasma volume after transfusion above that calculated 
varying from 442 c.c. to 262 c.c. (Table IV and fig. 3). In three patients 
there was a decrease in plasma volume varying from 241 to 253 c.c.— 
in one patient the plasma volume was that calculated within 2 c.c. 
(Table IV and fig. 4). In those patients in whom both immediate and 
2 -hour samples were available the maximum increase had occurred at 
2 hours, though some increase was seen immediately. In two instances 
increase in plasma volume was associated with a fall in plasma protein 
of 0*8 g. and 1*1 g. respectively. In two further instances an increase 
in plasma volume was associated with no change in plasma protein. 
In no case was a decrease in plasma volume associated with any marked 
change in plasma protein. 

In Case 7 (Table IV and fig. 4) it may be noted that the total cell 
volume is considerably less than expected, though there is a rise in red 
cells and haemoglobin. The cells used had been prepared from blood 
taken into an experimental diluent. Cells taken into this diluent show 
considerable swelling, which gives a high packed cell volume for the 
blood previous to administration. The calculated cell volume after 
transfusion is in fact based on this haematocrit reading. When such 
swollen cells are put into the circulation they come into contact with 
normal plasma and on theoretical grounds might be expected to lose 
fluid and therefore become smaller. That such loss of fluid occurred 
is shown by the fact that the mean corpuscular volume of the red cells 
is no greater after transfusion than it was before, though large cells 



TadI/B IV. Effect of Transfusion of 450-520 c.c. Concentrated Red Cells. 
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OH counts on this case unreliable, as oil samples showed nuto-fi^ghitination. 
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Fio. 3. — Changes in serum protein, hemoglobin, red cells, mean corpuscular 
volume, cell volume, plasma volume, and blood volume in a patient with hypo- 
chromic anemia after receiving 510 e.c. concentrated red cells. Hemodilution 

occurred. 



-r^ 4 Changes in serum protein, hremoglobin, red cells, mean corpuscular 

{ ' rjlasma volume, and blood volume in a patient with ? haemolytic anremia 

V fter receivin" 480 c.c. concentrated red cells. Hrcmoconcentration occurred. 



265 


Changes in the Circulating Blood in Man 

were added. Such loss of fluid and shrinkage of the cells will reduce 
the value of the packed red cells, hence the total cell volume is less than 
calculated. 

Discussion. 

It is not claimed that the methods employed are of sufficient accuracy 
to permit any weight to be attached to small differences observed follow- 
ing a particular experimental procedure. The consistency of mean 
corpuscular haemoglobin before and after bleeding suggests, however, 
that the results obtained can be accepted as approximating to correct 
values. It is easier to interpret the results of removing a constant 
amount of blood from normal individuals than it is to interpret the 
findings following transfusion of stored red cells into a small mixed 
group of anaemias. In the latter neither the character of the trans- 
fused fluid nor the character of the blood in the recipient was constant. 
These observations, however, demonstrate that considerable and 
variable changes in plasma volume may occur and must of necessity 
affect the haemoglobin level following either blood loss or administration. 
It is* therefore essential to appreciate that it is unwise to assess the 
significance of changes in haemoglobin level unless plasma volume is 
also measured. There is some rough agreement between figures ex- 
pressing alteration in plasma volume, haemoglobin, red-cell count, and 
mean corpuscular volume in the majority of cases, though it breaks 
down in one or two instances. For instance, the plasma volume in 
Case 1 after bleeding shows an over dilution of 612 e.c., but a smaller 
observed fall in red-cell count than Case 3 which dilutes less. This 
discrepancy might be accounted for by' postulating the liberation of a 
small store of red cells to meet overdilution, but there is no satisfactory 
evidence that such stores exist in man [Brown et al 1942]. 

In spite of such a discrepancy these figures clearly indicate, however, 
that in certain individuals following the administration or loss of blood 
under standard conditions fluid ,may pass into the circulation from the 
tissues or vice versa. The rate at which the fluid shift occurs and its 
time relationship to the blood loss or administration is also variable. 
Some of the fluid passing into the circulation remains in the plasma, 
while some is clearly absorbed by the red cells since hiemo dilution may 
he associated with an increase in mean corpuscular volume and in 
total cell volume. Tlie present observations offer no explanation of 
why dilution occurs in some individuals and not in others. There was 
no obvious difference in age or mode of life between the subjects who 
diluted markedly after bleeding and those who showed little or no 
dilution. Case 3 (Table III), who diluted well, had a severe vasovagal 
attack directly after bleeding, while Case 2, who diluted to the same 
degree, did not. The nature of the fluid passing into the circulation 
from the tissues is also not clear. 
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The fact that in the majority of cases there is a maintained increase 
in mean corpuscular volume suggests that the entering fluid may be 
of lower osmotic pressure than the plasma. This is supported by the 
fact that definite lowering of serum protein was obvious in three 
instances, and that every change in senim protein noted, even though 
in some instances small, was a decrease. In no instance was there an 
increase in serum proteins. The possible occurrence of such rapid 
changes in plasma volume clearly makes it difficult to assess the 
significance of haemoglobin estimations following either blood loss or 
blood gain unless serial estimations are made over a relatively long 
period. In Case 8 (Table III), for instance, 540 c.c. of blood were 
removed, leaving the haemoglobin and red-cell count unchanged. 

Conclusions. 

1. In assessing the significance of changes in haemoglobin, total red 
cells, mean corpuscular volume, and serum protein in any individual, 
the importance of possible changes in plasma volume must be con- 
sidered. A fall in hemoglobin or red cells may be due to dilution as 
well as to actual blood loss. Blood loss may occur without affecting 
the haemoglobin level. 

2. In estimating the amount of fluid that has passed from the tissues 
into the circulation, the amount absorbed by the red cells is significant 
and must be taken into account. 

3. There is considerable variation in the response of different 
individuals to the removal of 540 e.c. of blood or to the administration 
of 450-520 c.c. of concentrated red cells. 

We are grateful to Dr. C. M. Scott, Imperial Chemical Industries, 
for 'a supply of Evans blue dye. 

Summajry. 

Observations on the changes in red cells, hemoglobin, mean cor- 
puscular volume, serum protein, and plasma volume in a two-hour 
period following the removal of 540 c.c. of blood were made on 8 
normal subjects and following the transfusion of concentrated red cells 
on S anemic subjects. Following the removal of blood in one instance 
the plasma volume was that calculated, in others dilution or over- 
dilution were noted. Dilution following blood loss was associated with 
an increase in mean corpuscular volume, suggesting that some of the 
fluid passing in from the tissues was absorbed by the red cells. A T o 
increase in serum protein was noted. In some cases there was a 
significant fall. In assessing the significance of changes in hemoglobin, 
total red-cell count, mean corpuscular volume, and serum protein in 
any individual, the possibility of changes in plasma volume must 
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therefore be considered. A fall in haemoglobin or red cells may be due 
to dilution as well as to actual blood loss. Blood loss may occur without 
affecting the haemoglobin level. In estimating the amount of fluid that 
has passed from the tissues into the circulation, the amount absorbed 
by the red cells is significant and must be taken into account. There 
is clearly considerable variation in the response of different individuals 
to the removal of 540 c.c. of blood or to the administration of 400-500 c.c. 
of concentrated red cells. 
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The fact that in the majority of cases there is a maintained increase 
in mean corpuscular volume suggests that the entering fluid may be 
of lower osmotic pressure than the plasma. This is supported by the 
fact that definite lowering of serum protein was obvious in three 
instances, and that every change in serum protein noted, even though 
in some instances small, was a decrease. In no instance was there an 
increase in serum proteins. The possible occurrence of such rapid 
changes in plasma volume clearly makes it difficult to assess the 
significance of haemoglobin estimations following either blood loss or 
blood gain unless serial estimations are made over a relativel} 7 " long 
period. In Case 8 (Table III), for instance, 540 c.c. of blood were 
removed, leaving the haemoglobin and red-cell count unchanged. 

Conclusions. 

1. In assessing the significance of changes in haemoglobin, total red 
cells, mean corpuscular volume, and serum protein in any individual, 
the importance of possible changes in plasma volume must be con- 
sidered. A fall in haemoglobin or red cells may be due to dilution as 
well as to actual blood loss. Blood loss may occur without affecting 
the haemoglobin level. 

2. In estimating the amount of fluid that has passed from the tissues 
into the circulation, the amount absorbed by the red cells is significant 
and must be taken into account. 

3. There is considerable variation in the response of different 
individuals to the removal of 540 c.c. of blood or to the administration 
of 450-520 c.c. of concentrated red cells. 

We are grateful to Dr. C. M, Scott, Imperial Chemical Industries, 
for 'a supply of Evans blue dye. 

t Summary. 

Observations on the changes in red cells, haemoglobin, mean cor- 
puscular volume, serum protein, and plasma volume in a two -hour 
period following the removal of 540 c.c. of blood were made on S 
normal subjects and following the transfusion of concentrated red cells 
on 8 anaemic subjects. Following the removal of blood in one instance 
the plasma volume was that calculated, in others dilution or over- 
dilution were noted. Dilution following blood loss was associated with 
an increase in mean corpuscular volume, suggesting that some of the 
fluid passing in from the tissues was absorbed by the red cells. No 
increase, in serum protein was noted. In some cases there was a 
significant fall. In assessing the significance of changes in hemoglobin, 
total red-cell count, mean corpuscular volume, and serum protein in 
any individual, the possibility of changes in plasma volume must 
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therefore be considered. A fall in haemoglobin or red cells may be due 
to dilution as well as to actual blood loss. Blood loss may occur without 
affecting the haemoglobin level. In estimating the amount of fluid that 
has passed from the tissues into the circulation, the amount absorbed 
by the red cells is significant and must be taken into account. There 
is clearly considerable variation in the response of different individuals 
to the removal of 640 c.c. of blood or to the administration of 400-500 c.c. 
of concentrated red cells. 
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METABOLISM OE LIVER SLICES AFTER BURNING. 1 By 
E. J. Clark and R. J. Rossiter. From tlie Department of 
Biochemistry, Oxford. 

(Received for publication 24 th November 1943.) 

There are two main views as to the cause of the systemic effects of 
serious burns. The first is that of a specific burn toxin, favoured, for 
example, by Bardeen [1898], Pfeiffer [1905], Vogt [1912], and Vaccarezza 
[1922], and, more recently, by Robertson and Boyd [1923] and Wilson 
el ah [1937]; the other is that the ill effects are secondary to the loss of 
fluid and protein from the blood into the burned tissues [Underhill, 
1927; Underhill et al., 1930; Blalock, 1931; and Harkins, 1934, 1935. 
See also Rossiter, 1943, for a review]. Since the tissue slice technique 
has, in the past, been useful for investigating the metabolic effects of 
certain known toxins [Cross and Holmes, 1937; Dawson and Holmes, 
1939; and Holmes, 1939, for summary], it seemed of interest to apply 
this method to the problem of burn toxaemia, with the double purpose 
of seeing if any metabolic process were acutely affected and of comparing 
such changes as might occur with previously established effects of 
undoubted toxaemia on metabolism. 

The liver was chosen for these experiments because of the many 
reports of impaired liver function after burns [Boyce and McFetridge, 
1938 b ; Wolff et ah , 1940 ; Thompson and Wilkinson, 1940; and Abbott 
and Holden, 1942], and also of histological liver damage [Bardeen, 
1897; Pfeiffer, 1905; Olbrycht, 1924; and more recently Wilson et ah , 
1938; McClure, 1939; Belt, 1939; Brins and Hartmann, 1941; and 
Wells et aL, 1942]. It was thought that changes in liver metabolism 
might prove a more sensitive test for liver damage than the microscopic 
appearance. But it must be remembered that the histological damage 
and impaired liver function may be produced by tannic acid used in 
treatment [Wells et ah, 1942 ; Cameron el ah , 1943 ; Barnes and Rossiter, 
1943 ; Clark and Rossiter, 1943 ; Erb et ah , 1943 ; Robinson and Graessle, 
1943; and Forbes and Evans, 1943]. Ancesthetics, too, may affect liver 
function tests [Boyce and McFetridge, 1938 c, and Thompson and 
Wilkinson, 1940]; in the present work, complication by anaesthesia was 

1 Experiments performed under the direction of Professor R. A. Peters, F.R.S 
on behalf of tho Bums Sub-committee of the War Wounds Committee, Medical 
Research Council. Report submitted September 1943. 
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avoided, as far as possible, by anaesthetising all controls for the same 
period as burned animals. 

Measurements were made of the Qo 2 , B.Q. and the increase in 0 2 
uptake in the presence of either alanine or sodium butyrate in phosphate 
buffer, and of the Qo 2 , Qa° 2 , Qa^ 2 and aerobic synthesis of glycogen 
from glucose in bicarbonate buffer. Thus, in addition to the usual 
respiratory metabolism, stages in the metabolism of protein, fat, and 
carbohydrate were investigated The animals were killed 4 hours (at 
the height of the hmmo concentration) and 24 hours after burning. This 
should cover for the rabbit, the equivalent period of the acute toxemic 
phase seen in man. 

Methods. 

Manometric measurements were made with Warburg constant 
volume manometers. The 0 2 uptake and B.Q. experiments were 
performed in phosphate buffer pH 7*3. COo production was deter- 
mined by difference, bound C0 2 being liberated both before and after 
the experimental period. Glycolysis was measured manometricahy. 
Qo° 2 by the Warburg 2-bottle method. The following physiological 
salt mixture was used: — 

NaCl . . . 0*8 ‘per cent. 96 ml. 

KC1 , . .1*0 percent. 3 mb 

CaCI 2 * , 1*12 per cent. 2 mi. 

For experiments in phosphate buffer, 20 ml. buffer (NaJlPOi 
8*85 g. in 250 ml. plus 12*5 ml. if = 1 HC1) was added to 100 ml. medium 
immediately before use. For glycolysis, 20 ml. 1*26 per cent. 3faHC0 3 
was added to the mixture of sodium and potassium chlorides. This was 
equilibrated with a gas mixture containing 5 per cent. C0 2 before the 
further addition of the calcium chloride. Glucose was added to make 
the final concentration 0*5 per cent. In the glycogen synthesis experi- 
ments, the medium was the same as for glycolysis; 1 ml. 60 per cent. 
KOH was added to the bottles, either immediately before or immedi- 
ate^ after incubation. The difference in glycogen content was 
reckoned as glycogen synthesised. Glycogen was determined by a 
modification of the method of Good et ah [1933J, the sugar formed being 
estimated by the ferricyanide method. All experiments were done in 
an atmosphere of 0 2 , except glycolysis, where the appropriate gas 
mixture was used. Slices were cut with a moist safetj^-razor blade and 
floated off in buffered salt solution. After the experiment they were 
dried to constant weight. The slices for glycogen estimations were cut 
with a dry blade and rapidly weighed on a torsion balance. Determina- 
tions were done either in duplicate or triplicate. 
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Experimental, 

Young rabbits (500-1000 g.) were clipped closely with scissors, 
anaesthetised with ether and burned by dipping the back (approximately 
1/3 body surface) into water at 70° C. for i minute. Previous experi- 
ments with guinea-pigs indicated that this method of burning produced 
damage equivalent to a 1-minute application at 60-65° & of the burning 
iron previously described [Leach, Peters, and Rossiter, 1943]. There 
was marked oedema and increase in red blood cell count within 2-4, 
hours (Table I). This increase had disappeared by the end of 24 hours 
and the oedema was much less. After either 4 or 24 hours the animal 
was stunned by a sharp blow on the head, decapitated, bled, and the 
liver rapidly dissected out for cutting the slices. The animals usually 
survived this method of burning, although an occasional one died before 
observations could be made. With more severe burns (higher tempera- 
ture or greater body surface), the animal usually died within 4 hours. 
The burn was in fact the most severe non-fatal burn of this type that 
could be consistently produced in the animals used. The animals were 
all starved for a period of 24 hours immediately before killing, regardless 
of the time of burning. 


Table I. — -Mean Red Cell Count (10 6 Ceuls/mm. 3 ) in Rabbits. 


Treatment, 

No. 

animals. 

R.B.C. 

before. 

R.B.C. 

after. 

Mean change 
R.B.C. 

( ± S.E. mean). 

Anaesthetised only. Sample 
taken 2-4 hours later. 

11 

5*3 

5-4 

+0-1 (±0-1) 

Burnt. Sample taken 2-4 hours 
later. 

16 

B 

B 

+ 1-8 ( ±0-2} 

Burnt. Sample taken 24-26 
hours later. 

4 ! 

5-8 

5*8 

0-0 ( ± 0-4) 


Results. 

The results are summarised in fig. 1. In phosphate buffer (Table II) 
there was no significant change in the oxidation of alanine or sodium 
butyrate either 4 or 24 hours after burning. There was no change in 
Qo 2 after 4 hours, but after 24 hours a slight, but nevertheless significant 
({=3*42; for P — 0-01, t = 3*36), rise was observed. The R.Q. was 
significantly (f = 2-22 ; for P ^0-05, t - 2-20) lower 4 hours after burning 
but had returned to normal within 24 hours. 
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^In bicarbonate buffer (Table III) there was no change in (Jo 2 or 
Qa 2 either 4 or 24 hours after burning, but the Q/ 2 rose slightly 
0*085) within 4 hours and returned to normal again by 24 hours. 
Liver tissue from animals that had merely been anaesthetised formed 



Fig. 1. — Metabolism of rabbit liver slices. Abciss a, time after burning. 
Animals at time 0 were anaesthetised only. *f, differences observed were 
significant (P < 0*05). di» differences were of doubtful significance (P =0*1-0*05). 
differences were not significant (P >0-1). 


glycogen readily from glucose (Table IV), but 4 hours after burning 
this ability had greatly diminished, to return again within 24 hours. 
This greater synthesis with the control animals cannot be accounted 
for by the greater initial liver glycogen because, in general, the greater 
the initial gtycogen value, the poorer was the synthesis; also, the 
livers of the animals killed 24 hours after burning with a glycogen 
content not significantly different from those killed after 4 hours, 
formed glycogen quite normally. 
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Table II. — Experiments in Phosphate Butter. Babbit Liver Slices. 
Babbit Starved 24 Hours before being Killed. 


1 

Qo a . 

Q 02 

in presence 
of alanine. 
(0*4 

per cent.). 

Excess 
due to 
alanine. 

Qo 2 

in presence 
of sodium 
butyrate 
(0*4 

per cent.). 

Excess 
due to 
sodium 
sodium 
butyrate. 

H.Q. 



A. Anaesthetised only . 



6*1 

8*4 

2*3 

15*1 

9*0 

0*07 

5*5 * 

6*0 

0*5 

10*7 

6*2 

0*67 

6-3 

6-9 

0*6 

13*5 

7*2 

0*48 

6*7 

' 8*4 

1*7 

13*5 

6*8 

0*49 

5*9 

6*4 

0*5 

12*1 

6*2 

0*71 

7*7 

9*6 

1*9 

13-7 

6*0 

0*56 

Mean 6*4 

7*6 

1*2 

13*1 

6*7 

0*60 

— 

— 

— 

■ 

— ■ — - 



B. Burnt. Killed 4 Hours later . 


5*9 

6*1 

0*2 

10*2 

4*3 

0*55* 

6*9 

7*9 

1*0 

13*5 

6-6 

0*56 

5-1 i 

7*5 

2*4 

12*3 

7*2 

0*48 

5*4 

7*4 

2*0 

12*6 

7-2 

0-43 

4*6 

8*2 

3*6 

13*1 

8*5 

0*57 

7*7 

9*3 

1*6 

14*4 

6*7 

0*47 

6*3 

7*7 

1*4 

10*6 

4*3 

. 0*38 

Mean 6*0 

7*7 

' 

1*7 

12*4 

6*4 

0-49 


( 

7. Burnt. Killed 24 Hours later v 


8*1 

8*5 

0*4 

13*2 

5*1 

1 0*57 

7*0 

9*4 

2*4 > 

12*8 

5*8 

1 0*58 

8*6 

10*8 

2*2 

15-2 

6*6 

| 0*52 

8*7 

10*7 

2*0 

13-9 

5-2 

1 0*61 

1 

Mean 8*1 

9*9 

1*8 

13-8 

5-7 

0*57 






1 


Discussion. 

There is evidently a general metabolic disturbance 4 hours after 
burning, as is shown by the lowered R.Q., increased anaerobic glycolysis 
and impaired ability to form glycogen from glucose, which returns to 
normal after 24 hours. These changes coincide with the hccmocon- 
centration, so they may possibly be part of the shock reaction. The 
main points about the changes are that they are not of very striking 
extent, apart from the failure of glycogen synthesis, and that they are 
certainly reversible; there was no evidence of persisting liver damage, 
the 011I3" abnormality found after 24 hours being a rise in ox3^gen uptake 
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in phosphate buffer (though not in bicarbonate). As the most severe 
burn compatible with survival was used, this indicates that, in the 
rabbit, recovery from such a burn is not associated with persistent 
metabolic disturbances. Comparison of the present results with those 

Table HI. — Experiments in Bicarbonate Buffer. Rabbit Liver Slices. 

Rabbit Starved 24 Hours before being Killed. 


Qo 2 . 

Qo°=. 

Qa Ns . 

A. 

Anccsthetiscd only 

11-0 

2*9 

3*0 

1M 

1-8 

3*1 

6-0 

' 0*1 

2*9 

6-8 

0*0 


5-3 

0*0 

2*0 

7-2 

2*S 

3*6 

5*3 

0*0 

1*7 

Mean 7*5 

1*1 

2*7 


— 

— 

B . Burnt. Killed 4 Hours later. 

8*3 

0*4 

3*4 

7*5 

0-0 

3*7 

6-7 

0*2 

4*3 

8-2 

1*3 

2*6 

10-3 

3*9 

3*6 



— 

• 

Mean 8*2 

1-2 

3*5 

1 

__ 


G. Burnt 

Killed 24 Hours later. 

6*4 

0*0 

2*5 

6*4 

1*7 

2*8 

8*3 

1*4 

2*3 

10-2 

2-5 

2*2 



— 

— 

Mean 7*8 

1*4 

2*5 

1 — 

1 "■ 

“ ” 


of Cross and Holmes [1937] on diphtheritic toxaemia in rabbits is, 
consequently, not of great significance, since the latter authors used lethal 
doses of toxin. It is noteworthy, however, that the failure of glycogen 
synthesis after burning occurred under the conditions in which Cross 
and Holmes found no failure of synthesis, viz. in the presence of excess 
glucose. The reduction of oxygen uptake in the absence of substrate, 
after 24 hours diphtheritic toxaemia, coincides in time with the rise of 
oxygen uptake and return of other metabolic processes to normal after 
burning; it may be observed, however, that some liver poisons, e.g. 
•nhncmhonis carbon tetrachloride, and chloroform, raise the Qo 2 of 
Ever slices' [Meier and Tboenes, 1933; Ennor, 1942], The reduction of 
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Ki.Q. without substrate after burning is in the same direction as that 
found by Cross and Holmes in toxaemia, but again the time relations 
differ; in the present observations, too, the variability of individual 
R.Q.’s makes the changes observed in the means barely significant. 

Table IV. — Synthesis or Glyeogen from Glucose by Rabbit Liver Slices. 
Rabbit Starved 24 Hours x before being Killed^ Glucose Concentra- 
tion 0*5 per Cent. Bicarbonate Buffer. Atmosphere, 95 per Cent. 
0 2 , 5 per Cent. C0 2 . Incubation Time, 1 Hour. 


Glycogen 

before 

incubation 

(mg./g.). 

Glycogen 

after 

incubation * 
(mg./g.). 

Glycogen 

synthesised 

(mg./g./hr.). 

A. 

Anaesthetised only . 

1-2 

5*4 

4*2 

6*1 

9*1 

3*0 

7*8 

11*3 

3*5 

4*8 

7*8 

3*0 

3*8 

7*6 

3*8 

Mean 4*7 

8-2 . 

3*5 

— ■ 

* 

— 

B. Burnt. Killed 4 Hours later . 

0*4 

1*5 

1*1 

0*6 

1*2 

0*6 

0*2 

0*4 

0*2 

2*7 

3*2 

0*5 

2*9 

4*3 

1*4 

0*9 

2*1 

1*2 

0*8 

0*9 

0*1 

— 

— 

— 

Mean 1-2 

1*9 

0*7 

— 

— 

— 

C. Burnt. Killed 24 Hours later. 

1*5 

4*5 

3*0 

3-G 

6*9 

3*3 

0*8 

3*6. 

2*8 

0*9 

3*7 

2*8 

— — . 





Mean 1*7 

4*7 

3*0 

1 




The metabolic changes in the liver after non-fatal burns are distinct, 
both quantitatively and in time relations, from the changes found in 
diphtheritic toxcemia, but do not exclude the possibility of a different 
toxic agent; equally, however, they may be secondary to the changes 
accompanying the diminished blood volume associated with the period 
of shock, e.g. lowered oxygen partial pressure, acidosis and changes in 
the fluid and electrolyte balance. In this connection, it is of interest 
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to point out that decreased oxygen partial pressure [Ostern et ah, 1939; 
Lee and Richter, 1940], acidosis [Fantl et al, 1942], and increased 
chloride concentration [Eadie, 1927, and Davenport, 1926]— all con- 
ditions which occur following burns — have been reported either to 
increase glycogen breakdown or to decrease glycogen synthesis by liver 
enxyme systems “in vitro.” It must be stressed, however, that in these 
experiments changes were made in the medium in which the activity of 
the enzyme systems were measured. In the experiments reported in 
this paper, the observations were made on liver slices suspended in a 
'standard medium. The difference in the metabolism observed are, 
.therefore, effects persisting “in vitro ” of conditions which, before 
death, prevailed 4 4 in vivo In general, it is felt by the writers that these 

changes are in fact secondary to the reduced blood volume; indirect 
evidence bearing on this is the coincidence in time of the metabolic 
changes and the hsemoconcentration. 

j 

SUMMARY. 

1. Anaesthetised rabbits burnt at 70° C. for minute (area of burn 
1/3 body surface) show a rise in red blood cell count within 2-4 hours, 
which has fallen to normal by 2*4 hours. 

2. There is no change in the ability of the liver to oxidise alanine 
or sodium butyrate either 4 or 24 hours after burning; there is also 
no change in the Q G ° 2 and Qo 2 measured in bicarbonate buffer. 

3. After 4 hours there is a fall in the R.Q. (measured in phosphate 
buffer), rise in the Q G N2 , and fall in the ability of the liver to form 
glycogen from glucose; these have all returned to normal within 24 
hours. 

4. After 24 hours there is a slight rise in the Qo 2 measured in 
phosphate buffer, which is not observed after 4 hours. 

5. Implications of these results are discussed and it is concluded 
that they are in all probability secondary to the circulatory changes 
following the burn. 

Thanks are due to Dr. J. M. Barnes for advice and information on 
the method of burning the animals, and to Miss J. Jenkins for valuable 
technical assistance. 

One of us (E.' J. C.) is indebted to the Medical Research Council for 
a personal grant and one (R. J. R.) to the Carnegie Trustees. The 
Medical Research Council has also contributed to the cost of this 
Research, which was carried out on behalf of the Burns Sub-committee 
of the War Wounds Committee. 
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CARBOHYDRATE METABOLISM AETER BURNING. 1 By E. J. 
Claek and R. J. Rossitee. From the Department of Bio- 
chemistry, Oxford. 

{Received for publication 24f/i November 1943.) 

After burning there is a rise in blood sugar, both in man [Underhill 
et aL, 1923; Davidson, 1925; Mclver, 1933; and Lambret et al. } 1936], 
and in experimental animals [Schreiner, 1926 ; Greenwald and Eliasberg, 
1926; Lundberg, 1929; Beard and Blalock, 1931; Slocum and Light- 
body, 1931; and Stolfi, 1936]. The reports of this hyperglycemia are 
scattered in the literature and, as a result, they do not seem to be 
generally known to those responsible for the treatment of burn casualties. 
In the present study we have established that there is a rise in blood- 
sugar after burning in both the rabbit and the rat, and an attempt has 
been made to investigate the mechanism whereby this hyperglycemia 
is produced. 

In rabbits, the rise in blood sugar after burning is greater in well-fed 
than in starved animals, and in animals deprived of food for 24 hours 
there is a fall in liver glycogen after burning. In the rat, there is, in 
addition, a transient rise in blood lactic acid and a fall in muscle glycogen. 
These changes cannot be produced in an adrenalectomised animal, 
which suggests that they may be part of an adrenaline response, especi- 
ally since they can all be imitated by adrenaline injections. Additional 
evidence in favour of the view is the fact that burning reduces the vitamin 
C content of the adrenal gland in rabbits, presumably as a result of some 
abnormal adrenal activity. There is no change in the vitamin C content 
of the liver. 

On the other hand, Clark and Rossiter [1943] have reported that, in 
rabbits after burning, there is a transitory" deficiency (roughly correspond- 
ing in time with the hyperglycemia) in the ability of liver slices to form 
glycogen from glucose; this ability has now been shown to be normal 
after an adrenaline injection which can produce a similar rise in blood 
sugar. Also, after adrenaline injections there is a rise in liver glycogen 
in both the rat and the rabbit [see Cori, 1931, for references], while in 
the present experiments, although adrenaline injections into rats 

1 Experiments performed under the direction of Professor R. A. Peters, F.R.S., 
on behalf of the Bums Sub-committee of the War Wounds Committee, Medical 
Research Council. Report submitted September 1943. 
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produce a rise in liver glycogen, burning does not cause this rise and, 
if an 3 r thing, causes a fall; with rabbits, this fall is very striking. There 
must be, therefore, some other factor which prevents the normal 
deposition of liver glycogen, even in the presence of a high blood lactic 
acid. There is thus the possibility of there being two mechanisms 
contributing to the burn hyperglycsemia : an adrenaline response 
(mechanism a) and an additional mechanism, which either stimulates 
liver gtycogenolysis or depresses glycogenesis (mechanism 6). Evidence 
for each of these is set out later, in the discussion. Attempts to demon- 
strate an increased “in vitro 55 glycogenolysis, either by phosplKnylase 
or amylase activity, in liver brei have been unsuccessful; nor is there 
any change in blood amylase, which some workers suggest [Cori and 
Cori, 193S, and Lee and Richter, 1940] is identical with liver amylase. 

The observations of Guest and Rawson [1941] that, for the rat, 
acidosis produced by ammonium chloride injection gives a rise in blood 
sugar of the same order as had been observed after burning, suggested 
the possibility that burn hyperglycmmia might be secondary to a 
diminished alkali reserve. It has been found, however, that the amount 
of ammonium chloride necessary to produce changes in blood sugar 
equivalent to those observed after burning causes a marked decrease 
in the plasma alkali reserve, whereas the decrease observed after 
burning is, b}^ comparison, trifling. Also sodium bicarbonate injections 
fail to influence significantly the blood-sugar rise which follows burning. 
These experiments have, therefore, led to the conclusion that the 
changes in carbohydrate metabolism, which follow burning, are not 
secondary to changes in the plasma acid — base balance. 

A practical point is whether the hyperglycaemia in any way helps the 
animal to withstand the ill-effects of burning. It has been shown that 
well-fed animals resist burning no more successfully than similar animals 
starved for 1 24 hours. It must be remembered, however, that after 
burning the carbohydrate stores are depleted, and that an adequate 
diet, rich in carbohydrate, will help to replenish the stores and also, 
perhaps, spare protein [Clark, Peters, and Rossiter, 1943]. 


Methods. 

Animals . — For experiments of Section A rabbits (500-1000 g.) and 
of Section B rats (100-150 g.) were used. The rats used for the glycogen 
experiments were all of the same strain. 

Blood Sugar . — By method of Hagedorn and Jensen. [1923] 

Lactic Acid . — By method of Friedemann et al. [1927]. 

Glycogen . — By method of Good et al. [1933]. 

Phosphate— By method of Fiske and Subbarow [1925]. 

Vitamin C .— Determined in a metaphosphoric acid extract by the 
method of Harris and Olliver [1942]. 
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Glycogen Synthesis— This was measured as described previously 
[Clark and Rossiter, 1943]. 

~ Serum Amylase.— By method of Lagerlof [1942]. 

Alkali Reserve . — This was measured by displacement of C0 2 from 
plasma equilibrated with 5 per cent. C0 2 in a Warburg manometer. 

Liver Phosphorohjsis and Amylolysis . — This was determined by the 
method of Lee and Richter [1940]. 

The adrenaline preparation was that supplied by Messrs. Park 
Davis Ltd. 

Blood Samples were taken from a marginal ear vein, in the case of 
rabbits, and after decapitation in the case of rats, except for the alkali 
reserve experiments, when blood samples were taken by heart puncture 
during ether anaesthesia, and centrifuged under paraffin as described by 
Van Slyke and Cullen [1917]. Oxalate was used as an anti-coagulant. 

Glycogen Samples ; — For glycogen estimations in rabbit liver, samples 
were taken immediately after death and placed in potash. With the 
rat, the whole liver or whole carcass was immediately placed in potash. 
No further precautions were taken to retard glycolysis. 

Method of Burning . — The rabbits were clipped closely with 
scissors, anaesthetised with ether and burned by dipping the back 
(approximately l/3rd of the body surface) into water at 70° C. for 
30 seconds. The rats were anaesthetised with ether, and the back 
(approximately l/3rd of the body surface) dipped into water at 80° C. 
for 30 seconds. This method of burning produced damage equivalent 
to a 1-minute application at 60-65° C. of the burning iron previously 
described [Leach, Peters, and Rossiter, 1943]. In both cases control 
animals were similarly ansesthetised but not burned. 

Adrenalectomy was performed by the technique of Firor and GroIIman 
[1933]. 

Results. 

A. Experiments with Rabbits . 

1. Blood Sugar . — The rise in blood sugar following burning, in 
rabbits, is shown in fig. 1. The rise was greater with animals that had 
been well fed than with those deprived of food for 24 hours, and was 
similar in duration to that observed after adrenaline {0*3 mg. kg.) 
injections. By the twenty-fourth hour after burning, the blood sugar 
had returned to normal and, in control animals that had been ansesthe- 
tised only, there was but a small rise. The values of P obtained by 
Fisher’s tl t >y test, show that the rise observed in animals 4 hours after 
burning (in italics), is significantly different from that in the control 
group, in both well-fed and 24 hour-starved animals. Details of these 
experiments will be found in the Appendix, Table I. 

2. Formation, of Glycogen from Glucose . — It has previously been 
shown that liver slices from rabbits, killed 4 hours after burning, have 
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an impaired ability to form glycogen from glucose [Clark and Rossiter. 
1943]. Since the rise in blood sugar following burns was similar to 
that observed after a suitable injection of adrenaline (0-3 mg./kg.), it 
seemed of interest to test the glycogen-forming power of liver slices from 
a'nimals killed 4 hours after the injection of such an hyperglycemic dose 
of adrenaline. Table II of the Appendix shows that, whereas liver slices 
from animals burned 4 hours previously had a significantly deficient 



Fig. 1. — Blood sugar of well-fed rabbits* 

AN, anassthetised only. B, burned for 30 seconds at 70° C. I, injected with 0*3 mg-/k£* 
adrenaline subcutaneously. 

glycogen synthesis, slices from adrenaline-injected animals formed 
glycogen perfectly normally. 

3. Liver Glycogen after Burning, — In animals that had been fasted 
for 2 4 hours, the glycogen of the liver, both 4 and 24 hours after burning, 
was consistently lower than that of control animals that had been 
anaesthetised only (Appendix, Table III). 

4. Glycogenolysis “in vitro ” — It is now known that there are two 
mechanisms wherebj? liver brei destroys glycogen — a phospkorylating 
and an amylolytie mechanism [Cori and Cori, 193S, and Ostern et ah. 
1939]. These processes were separated by the method described by 
Lee -and Richter [1940]. The system used was as follows: 4 ml. brei 
(equal volumes cooled liver and ice-cold water), 0-2 ml. 0*1 per cent, 
adenylic acid, 0*2 ml. magnesium chloride (1 mg. magnesium/ml.), 
1-0 ml. M/2 sodium fluoride, 1-0 ml. M/9 phosphate buffer pH 7, 6*0 ml. 
water (containing 100 mg. glycogen). 

Table IV of the Appendix shows that, whereas the glycogen break* 
down by amylase and pliosphorylase activity is on the average slightly 
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greater with the brei from the burned animals, the scatter was so great 
that the differences observed were not statistical^ significant. Applica- 
tion of the “£” test to the difference between the means of the control 
and experimental groups in the phosphor oly sis experiments after 
30 minutes gives £ = 0-727, corresponding to P~0*49; similarly for 
amylolysis after 60 minutes, £ = 0*57, corresponding to P = 0*59. 

5. Serum Amylase . — It was possible that the increased glycogenolysis 
following burning might be due to an increase in the quantity of amylase 
in the serum. A fall in blood volume is known rapidly to mobilise 
protein reserves,' and it is possible that such a mobilisation from the 
pancreas would result in an increase in serum amylase. As has been 
pointed out already, suggestions have been made that serum amylase 
and liver amylase are identical. 

The amylase activity was determined by the method of Lagerlof 
[1942] and has been expressed as the number of mg. maltose formed from 
the breakdown of 1 ml. of a 1 per cent, starch solution (containing 10 mg. 
starch') by 1 ml. of a 1 : 4 dilution of serum after incubation at 38° C. 
for one hour. Table V of the Appendix shows that, far from there 
being an increase in the serum amylase, there was, if anything, a slight 
decrease. This may possibly be associated with loss of protein to the 
burned area. 

6. Vitamin C in Adrenal Gland and Liver . — There was a significant 
fall in the ascorbic acid content of the adrenal gland, both 4 and 24 
hours after burning, but there was no change in the ascorbic acid content 
of the liver (Appendix, Table VI). 


B. Experiments with Rats . 

1. Blood Sugar . — With rats also, there was a rise in blood sugar one 
hour after burning which, though significantly reduced, had not returned 
to normal within three hours (fig. 2, a). With control animals, anaesthe- 
tised only, there was no rise. A similar rise in blood sugar was observed 
•after injections of adrenaline (0*05-0*1 mg. /kg.), while a larger dose 
(0-2-0-5 mg. /kg.) caused a greater response. Immediately after 
adrenalectomy there was little change in the blood sugar, and when 
such an adrenalectomised animal was burned there was still only a very 
small rise. Thus in the rat the adrenal glands are necessary for the 
hyperglyccemia which occurs after burning. For details of these experi- 
ments see Appendix, Table VII. Table VIII of the Appendix shows 
that, unlike the rabbit, the well-fed rat (starved for 24 hours and then 
fed 600 mg. glucose/ 100 g. body-weight by stomach tube 3 hours before 
burning) did not give a greatly increased hyperglycsemic response after 
burning. 

2. Lactic Acid . — After burning, there was also a significant rise in 
blood lactic acid, which had fallen to normal levels by the end of 3 hours 


284 


Clark and fiossiter 



Fig. 2, a, 6, and blood 8U ®^^Wo^ t icacid. c, carcass glycogen of rats 

0-1 4 n ‘XnXVsu&ut a B neo b uT^ iVadSna^t “* - 8 °,, C ', 1 &?. f d f tb ^ 

misedjand burned as above. Aar ’ adrena ^ ecton ^ lse d oniy. B.Adr, adrenalecto* 



Fig. 2,b. 
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(fig. 2, b ). This rise was similar, "both in magnitude and duration, to 
the well-known increase in blood lactic acid which follows adrenaline 
injections (0'05-(/*l mg./kg.). Por larger doses of adrenaline (0-2-0-5 
mg./kg.) ? the rise in lactic acid was greater. Again, control animals, 
ansesthetised only, showed no significant change (for details see Appendix, 
Table IX). ‘ . ' 

3. Carcass Glycogen . — The glycogen content of the carcass (chiefly 
muscle glycogen) had fallen significantly one hour after burning, while 



3 hours later it had fallen still further (fig. 2, c). A very similar fall was 
observed with animals injected with 0*05-0*1 mg./kg. adrenaline, a dose 
which gave a rise in blood sugar and a rise in blood lactic acid very 
similar to that seen after burning. A larger injection of adrenaline 
(0-2-0-5 mg./kg.) gave a greater fall in carcass glycogen. Merely 
anaesthetising the animals, or removing the adrenal glands, gave no 
such changes in the carcass glycogen stores. When adrenalectomised 
animals were burned, there was a slight fall in carcass glycogen one 
hour later. This fall was, however, much smaller than that found after 
burning, or after adrenaline injections, and was not observed in adrenal- 
ec to raised animals 3 hours after burning (Appendix, Table X). 

4. Liver Glycogen . — Under the conditions of these experiments 
(starved for 24 hours), all the animals showed a very constant liver 
glycogen of about 5-7 mg./lOO g. carcass weight (Appendix, Table XI). 
This was slightly increased (P=0*07) by an adrenaline injection of 
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0*05 0*1 nig. /kg. and definitely increased (P = 0*05) by the larger dose 
(0*2-0 *5 mg./kg.). It is noteworthy that, although adrenaline produced 
this increase, there was no change after burning. 

5. Js Burn Hyperglyccemia Produced by Acidosis? — Injection of 
5 ml. isotonic ammonium chloride intraperitoneally caused a rise in 
blood sugar very similar to that observed after burning (Appendix, 
Table XII). This ammonium chloride injection also caused a marked 
fall in the plasma alkali reserve, but burning, which produced a similar 
rise in blood sugar, only resulted in a very slight change in the alkali 
reserve. In addition, animals were injected either with -5 ml. isotonic 
sodium bicarbonate or 5 ml. isotonic sodium chloride, burned immedi- 
ately, and the blood sugar determined one hour later. Table XIII of 
the Appendix shows that there was no difference in the hvperglycremia 
produced. If such a hyperglycsemia was caused by acidosis, one would 
expect it to be absent, or much reduced, in the animals previously 
treated with 5 .ml. isotonic sodium bicarbonate, certainly enough to 
mask an} 7 burn acidosis. It is thus concluded that acidosis is not a 
major factor in the production of rat burn hyperglycemia. 

It wall he noticed that the blood sugar observed one hour after 
burning was less in those animals that had been given 5 ml. isotonic 
fluid intraperitoneally than in similar animals that had received no such ^ 
treatment. 

6. Is Burn Hyperglyccemia Beneficial? — It might be argued that 
the hyperglycsemia response to burning is an attempt on the part of the 
animal to combat the crisis associated with the period of shock. If this 
was so, well-fed animals, in virtue of their greater carbohydrate reserve, 
should be able to tolerate burning more readily than starved animals, 
with their depleted stores of carbohydrate. Accordingly, 24 hour- 
starved rats, and similar animals fed 600 mg. glucose/100 g. body-weight 
by stomach tube, were burned at different temperatures. Table XIV 
of the Appendix shows that the starved rats, with an initial blood 
sugar of 69 mg./lOO ml. (Table VII, controls), survived the burning just 
as well as the fed animals, with an initial blood sugar of 104 mg./lOO ml. 
(Table VIII, controls). It thus seems that a high blood sugar plays no 
striking role in the protection of rats from the ill-effects of burning. 

Discussion. 

The following may be put forward as evidence that an adrenaline 
response occurs after burning r 

1. The changes in carbohydrate metabolism — rise in blood sugar, 
rise in blood lactic acid and fall in carcass glycogen— are similar to those 
observed after adrenaline injection [see Cori, 1931, for references]. 

2 The changes in carbohydrate metabolism are much less in adrenal - 

ectoniised rats; 
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3. There is no demonstrable difference between the glycogenolytic 
power of liver brei from normal and from burned rabbits. 

4. There is a fall in the ascorbic acid content of the adrenal gland 
of the rabbit, indicating some abnormal adrenal activity. 

5. Hartmann et al [1920], Riehl [1928], and Saito [1928 6] have 
demonstrated an increased adrenaline liberation after burning. 

6. Much emphasis has been placed on the pathological changes seen . 
in the adrenal gland after burning [see, for example, Nakata, 1915’, 
Weiskotten, 1917, 1919; and Olbrycht, 1924]. 

But, on the other hand, the following is evidence that there is a 
second mechanism : — 

1. As has been shown by Slocum and Lightbody [1931], and con- 
firmed by us for a few' animals, adrenalectomy does not entirely abolish 
the burn hyperglycemia in rabbits. This may of course be due to 
accessory adrenal tissue not removed at operation. 

2. After burning, there is a fall in liver glycogen in the rabbit and 
no change in the rat. At a similar time after an adrenaline injection, 
there is a rise in liver glycogen [see Cori, 1931, for references]. 

3. Liver slices from burned rabbits do not readily form glycogen 
from glucose; this is not so after an adrenaline injection which produces 
a similar rise in blood sugar. Since the metabolism of liver tissue has 
returned to normal within 24 hours of burning, it is highly probable that 
this mechanism is part of a shock reaction [Clark and Rossiter, 1943]. 

We are thus forced to the conclusion that there are two mechanisms 
contributing to the high blood sugar which follows burning. As will 
be seen below, this appears to be true for other types of hyperglycsemia. 


The Hyperglyccemic Response. 

Hyperglycemia has been observed in patients [Cannon, 1923] and 
in experimental animals [Aub and Wu, 1920] suffering from traumatic 
shock. It also occurs during asphyxia [Kellaw^ay, 1919], after 
hemorrhage [Schenk, 1894; Rose, 1903; Anderson, 1908; Robertson, 
1935; and Govier and Greer, 1941], and during many other forms of 
anhydrsemia [Marriott, 1923], including intestinal obstruction [Draper, 
1917; and Carlson and Orr, 1934] and cholera [Loh and Tai, 1936], 
Also, a high blood lactic acid has been reported during shock [Macleod, 
1921, and Gutmann et al., 1941], during anhydremia [Marriott, 1923], 
after hemorrhage [Govier and Greer, 1941], and in cholera [Liu et at., 
1933], while a decrease in liver glycogen has been found during shock 
[Stolfi, 1936]; glycosuria has also been reported in patients suffering 
from shock [Thannhauser, 1916]. In some of these conditions an 
adrenaline liberation has been demonstrated. This is true for asphyxia 
[Gley and Quinquand, 1917; Cannon and Hoskins, 1911, 1919; and 
ICodama, 1924], shock [Bedford, 1917; and Rapport, 1922], and after 
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hemorrhage '[Bedford, 1917; Tournade and Chabrol, 1925; Saito, 
1928 a; and Saito etal. } 192S]. Splanchnectomy or adrenalectomy may 
prevent the demonstrable liberation of adrenaline, but it does not 
completely abolish the hyperglycemia [see Nishi, 1909; Tachi, 1928; 
and Brooks, 1935, for haemorrhage; and Kellaway, 1919; Olmsted, 
1925 ; and Sato el al., 1932, for asphyxia], suggesting that there are two 
- processes at work — (a) an adrenaline response, and ( b ) a mechanism 
which is active whether the adrenals are present or not. 

Of all these conditions, the one that appears to have received the 
most study is the haemorrhage hyperglycaamia. It has been shown, for 
instance, that the rise in blood sugar is less if the animals have previously 
been deprived of food, and that if the hepatic vessels are ligated there is 
not a rise, but a fall, in blood sugar after bleeding [Schenk, 1894, and 
Hirsck, 1915], This indicates that the immediate source of carbohydrate 
is the liver, a point well illustrated by the experiments of Bobertson 
[1935], who found a large increase in sugar in the hepatic vein after 
bleeding. In starved animals, hepatic stores cannot possibly account 
for the high rise in blood sugar, some of which must come from the 
muscles, as has been found by Tachi [1926]. 

It has now been shown that burn hyperglycmmia approximates very 
closely to haemorrhage hyperglycmmia; in both conditions there is an 
adrenaline liberation and also a further mechanism; in both con- 
ditions the hyperglycaemia is greater in well-fed than in starved animals, 
and the final source of the carbohydrate is the muscles, although the 
immediate source is, in all probability, the liver. In addition, it has 
been demonstrated that the depletion of stores of muscle glycogen is 
accompanied by a rise of blood lactic acid. It is assumed that the 
mechanism is one involving the Cori cycle ; muscle glycogen is mobilised 
in the form of lactic acid, which, in the liver, is transformed, possibly 
by way of glycogen, to glucose. 

Acidosis. 

Although there is probably a slight degree of acidosis in patients 
and experimental animals after burning, and acidosis of itself may 
produce changes in carbohj'drate metabolism [Elias, 1912; Satake, 
1926; Syozi, 1937; Donnelly, 1938; and Guest and Bawson, 1941], 
it is considered that acidosis plays little part in the production of the 
burn hyperglycemia. 

Practical Applications. 

It should be noted that , after burning, the carbohydrate stores 
(liver and muscles) quickly become exhausted. Although some evidence 
is presented to show that carbohydrate feeding does not lessen the 
mortality among experimentally burned animals, it is equally true that 
saturating the stores with carbohydrate does no harm. It is suggested 



289 


Carbohydrate Metabolism after Burning 

that during the initial period of hsemoconcentration, when there is likely _ 
to be functional impairment of the kidney together with nitrogen 
retention [see Clark, Peters, and Rossiter, 1943], diets rich in carbo- 
hydrate should be given. There is also evidence that this carbohydrate 
will spare protein, a point of importance when one considers the large 
negative nitrogen balance which very soon occurs after severe burns 
[see Cuthbertson et ah, 1939; Clark, Peters, and Rossiter, 1943; and 
Taylor et ah, 1943], 

Summary. 

1. Burning caused a rise in the blood sugar of both rats and rabbits 
anaesthetised with ether. In rabbits, this rise was greater in well-fed 
animals than in those starved for 24 hours, and had completely dis- 
appeared 24 hours after burning. In both species, adrenaline injections 
produced a similar hyperglycemia. In rats, whose adrenals had been 
removed, there was no rise in blood sugar after burning. 

2. Rats had a higher blood lactic acid one hour, but not 3 hours, 
after burning; adrenaline injections produced similar changes in blood 
lactic acid. 

3. Both one and 3 hours after burning, there was a fall in the glycogen 
content of the whole carcass (chiefly muscle glycogen) of rats. Similar 
changes were observed after adrenaline injections. The carcass glycogen 
of burned adrenalectomised animals remained normal. 

4. Rabbits deprived of food for 24 hours and burned, had a lower 
liver glycogen, both 4 and 24 hours after burning, than the controls, 
which had been merely anaesthetised. On the other hand, burning 
produced no change in the liver glycogen of either normal or adrenal- 
ectomised rats starved for 24 hours, but the injection of adrenaline 
caused a slight rise. 

5. Liver slices from rabbits killed 4 hours after burning formed 
glycogen from glucose less readily than slices from anaesthetised control 
animals. Slices from similar animals, killed 2-4 hours after an injection 
of adrenaline which produced a similar degree of hyperglycaemia, formed 
glycogen normally. 

6. Liver brei from burned rabbits did not break down glycogen, 
either by pkosphorylase or amylase activity, any more rapidly than a 
similar brei from control animals. 

7. There was no increase in the amylase activity of serum of rabbits 
either 4 or 24 hours after burning. 

8. There was a fall in the ascorbic acid content of the adrenal gland 
of rabbits, both 4 and 24 hours after burning, hut no change in the 
ascorbic acid of the liver. 

9. Injection of 5 ml. of isotonic ammonium chloride intraperitoneally 
into rats caused a rise in blood sugar of the same order as that observed 
after burning, but the plasma alkali reserve, after such an injection. 
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was much less than that observed after burning. Intraperitonea] 
injection of 5 ml. of isotonic sodium bicarbonate did not influence the 
burn hyperglycemia any more than a similar injection of 5 ml. isotonic 
sodium chloride. It is concluded that acidosis plays no part in burn 
hyperglycemia. 

10. Well-fed rats were no better able to survive burning than similar 
animals starved for 24 hours. 

11. The mechanism of burn hj^perglycaemia is discussed . It is 
concluded that there are at least two distinct processes at work: 

(a) the liberation of adrenaline from the adrenal glands; 

(b) some other process or processes, either stimulating hepatic 

glycogen olysis or inhibiting glycogenesis. 

12. The source of the glucose is cliiefty the muscle glycogen, and it is 
suggested that it is mobilised by a mechanism similar to the Cori cycle. 

13. As a practical measure, it is suggested that during the period of 
shock and hmmoconcentration burn patients should be given diets rich 
in carbohydrate. 

The authors wish to thank Professor R. A. Peters, P.R.S., for his 
continued interest in this work. Thanks are due to Miss J. Jenkins for 
valuable technical assistance. One of us (E. J. C.) is indebted to the 
Medical Research Council and one (R. J. R.) to the Carnegie Trustees 
for a personal grant. The Medical Research Council has also contributed 
towards the cost of this investigation. 
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APPENDIX. 

Table I. — Blood Sugar of Rabbits.’ 




[ Mean blood sugar 

(mg./lOO ml.). 

Previous treatment. 

No. 




1 

\ 

animals. 

Before 

burning. 

After 

burning. 

Rise. 


Control (anaesthetised only). 
Sample 4 hours later. 


Burned (30 seconds at 
70° C.). Sample 4 hours 
later. 


A, Well-fed Animals, 
2 I 120 l 113 



-7 I ± 8 


B. Animals starved 2 4 hours. 


Control (anaesthetised only). 
Sample 4 hours later. 

S 

102 

1 15 

13 

Burned (30 seconds at 
70° C.). Sample 4 hours 
later. 

S 

109 

J 2 

27 

118 

Burned (30 seconds at 
70° C.). Sample 24 hours 
later. 

' 3 

115 

111 

-4 



[tnira 




Bwh! 












* I* 1 f'hi® an( i subsequent tables the value of P given is that obtained in test of 
significance between difference of means of control and experimental groups. 
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Table IV. — Glycogenolysis in Babbit Liver Brei. For Details 

see Text. 


Phospliorolysis. 


Amylolysis. 


Pre vious treatment. 


Phosphorus uptake 
(mg./g. wet weight, 
S.E. mean). 


maam 


Gtycogen destroyed 
by amylase activity 
m (mg./g. wet weight, 
£ S.E. mean). 


CO'. 120'. 



Control (anaesthetised only). 5 0*4G POO 1*13 0*85 4 2-4 5*8 

Killed 4 hours later. ( ±01 2) 


Burned (30 seconds at 
70° C.}. Killed 4 hours 
later. 



1*25 

(±0*18) 



Table V . — Amylase Activity in Serum of Babbits Starved for 
24 Hours. For Details see Text. 




Previous treatment. 


Control (anaesthetised only). Sample 
taken 4 hours later. 


Burned (30 seconds at 70° C.). Sample 
taken 4 hours later. 


Burned (30 seconds at 70° C.), Sample 
taken 24 hours later. 


No. 

animals. 



Mg. 

maltose 

formed. 

S.E. 

mean. 

1*60 

±0*12 

! M2 

± 0*13 

1*21 

±0-16 





Previous treatment. o ^ 


Control (anaesthetised 10 
onlv). Killed 4 hours 


Adrenal gland. 


Burned (30 seconds at 13 1*9 

70° C.). Killed 4 hours 


Burned (30 seconds at 4 
70° C.). Killed 24 
hours later. 



a , 




.£ tb 

r > £ 



Ig> 

*9 g 

cog 

Fall. 

P. 



; 
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. Tabue VII,— Blood Stjgak (mg./100 ml.) or Rats Stabved foe 24 Hooks. 



Previous treatment. 

No. 

animals,- 

Mean 

blood 

sugar. 

S.E. 

mean. 

Rise 

(mg-/ 

100 ml.). 

P. 


Control (no treatment) a 

14 

69 

±2 



- 

Burned (3D seconds at 80° C.). 
Sample 1 hour later. 

10 

94 

±5 

25 

< 0-01 

Burned (as above). Sample 3 
hours later. 

9 

81 

±5 

12 

0-01 


Antes the tised only. Sample 1 
hour later. 

11 

68 

±4 

■ 

<0*9 

Aiuesthetised only. Sample 3 
hours later. 

9 

72 

±2 

3 

0*75 

Adrenaline injection (0*05-0*1 
mg. /kg.). Sample 1 hour 

later. 

4 

105 

±3 

36 

< 0*01 

Adrenaline injection (0*05-0*1 
rag./kg.). Sample 3 hours 
later. 

4 

91 

'1 

±11 

22 

< 0-01 

Adrenaline injection (0*2-0 -5 
rog'/kg.). Sample 1 hour 
later. 

G 

141 1 

±16 

72 

< 0-01 

Adrenaline injection (0* 2-0*5 
rog./kg.). Sample 3 hours 
later. 

9 

106 

±4 

37 

< 0-01 

Adrenalectomised and burned 
' (as above). Sample 1 hour 
later. 

6 

68 

±4 

-1 

0*80 

Adrenalectomised and burned 
(as above). Sample 3 hours 
later. 

4 

70 

±4 

1 

0*79 

Adrenalectomised only. 
Sample 1 hour later. 

3 

71 

±2 

2 

0*63 

Adrenalectomised only. 
Sample 3 hours later. 

■ 

59 

±4 

■ 

0*04 
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Tadl *; VUI.— Blood Sugar (mg./IOQ hl.) of well-fed Rats (Starved for 

24 ilotms AND THEN F, ED 600 MG. GlTCOSE/100 Q. BODY-WEIGHT BY STOMACH 
TVrmM 


Control. 
Determinations 
made 3 hours 
after feeding 
glucose. 

Burned 

3 hours after 
feeding glucose. 
Determinations 
made 1 hour 
later. 

* 

Burned 

3 hours after 
feeding glucose. 
Determinations 
made 3 hours 
later. 

i 

Anaesthetised 

3 hours after 
feeding glucose. 
Determinations 
made 1 hour 
later. 

Anaesthetised 

3 hours after 
feeding glucose. 
Determinations 
made 3 hours 
later. 

99 

108 


103 

90 

111 

129 


101 

96 

103 

120 

!£■ 

98 

9G 

Mean 104 

119 

102 

101 

94 


Table IX. — Blood Lactic Aced (mg,/100 ml-) of Bats Starved for 

24 Hours. » 


Previous treatment. 

1 

Ho. 

animals 

, 3Iean 
blood 
lactic 
acid. 

SJE. 

mean. 

Rise 
(mg./ 
100 ml., 

P. 

. 

Control (no treatment) 

9 

19 

±3 



Burned (30 seconds a t80° C.). 
Sample 1 hour later. 

8 

35 

±5 

16 

m 

Burned (as above). Sample 3 
hours later. 

8 

14 

zfc 1 

-5 

0*11 

Anaesthetised only. Sample 1 
hour later. 

9 

18 

±3 

m 

0*77 

Anaesthetised only. Sample 3 
hours later. 

6 

! 

13 

± 2 

- 6 

' 012 

Adrenaline injection (0*05-1 
mg. /kg.). Sample 1 hour 
later. 

! 4 

38 

± 3 

J9 

< 0-01 

Adrenaline injection (0-05-1 
mg./kg.). Sample 3 hours 

later. 

4 

. . _ _ 

23 

±2 

4 

0*36 

j 

Adrenaline injection (0-2-0-5 
mg. /kg.). Sample 1 horn- 
later. 

4 

47 

±9 

2S 

< 0*01 

Adrenaline injection (0-2-0-5 
mg./kg.}. Sample 3 hours 

later. 

S 

25 

db 2 

6 

0*10 

1 

1 
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Table X. — Caboass Glycogen (mo./ 100 g. Caboass Weight) of Bats 
Starved for 24 Hours. 


Previous treatment. 


XT Mean « ™ ^all 

No \ carcass (mg./ P. 

animate. glycogen . mean ‘ 100 g.). 





Control (no treatment) 

Burned (30 seconds at 80° 0.). 
Killed 1 hour later. 


Burned (as above). Killed 3 
hours later. 


Anaesthetised only. Killed 1 
hour later. 


Anaesthetised only. Killed 3 6 

hours later. 


Adrenaline injection (O' 01-0*2 
mg. /kg.). Killed 1 hour later. 


Adrenaline injection (0*01-0*2 
mg./kg.). Killed 3 hours 
later. 


Adrenaline injection (0* 1-0*2 
mg./kg.). Killed 1 hour later. 


Adrenaline injection (0- 1-0*2 9 

mg./kg.). Killed 3 hours 

later. 


Adrenalectomised and burned 
(as above). Killed 1 hour 
later. 


Adrenalectomised and burned 
(as above). Killed 3 hours 
later. 


Adrenalectomised only. Killed 
1 hour later. 


Adrenalectomised only. Killed 
3 hours later. 


245 ± 14 

17S ±11 07 < 0-01 


145 ±10 100 < 0'01 


225 ± 13 20 0*35 


230 ! ±10 15 0*46 


177 ±0 68 0-01 



143 ±6 102 < 0-01 


158 ± 14 87 < 0*01 


147 ± 6 98 < 0'01 



200 ± 6 45 0-03 



235 ±19 10 0*69 



246 ± 19 


205 * ±21 40 0*18 
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Table XI. — Liver Glycogen (mg./100 g. Carcass Weight) or Eats 
Starved eor 24 Hobbs. 


Previous treatment. 

No. 

animals 

Mean 

liver 

glycoger 

S.K 

mean. 

t. 

Kise 

(mg-/ 

100 g.). 

P. 

Control (no treatment) 

10 

6*3 

±0*2 



Burned (30 seconds at 80° C.). 
Killed 1 hour later. 

5 

5*8 

±0 *6 

-0*5 

0*39 

Burned (as abovej. Killed 3 
hours later. 

7 

6*3 

± 0*2 

0 


Anaesthetised only. Killed 1 
hour later. 

7 

■ 

±0-4 

0*9 

0'07 ' 

Anaesthetised only. lulled 3 
hours later. 

7 

6*8 

±0*3 

0*5 

0-22 

Adrenaline injection (0*05-0*1 
mg. /kg.). Killed 1 hour later. 

3 

6*0 

±0*6 

-0-3 

0-59 

Adrenaline injection (0*05-0*1 
mg./kg.). lulled 3 hours 
later. 

4 

* 

■ 

±0*5 

M| 

0-07 

Adrenaline injection (0*2-0*5 
mg./kg.). Killed 1 hour later. 

i— — * — 

5 

6*9 

±0*4 

0*6 

,0*19 

Adrenaline injection (0 *2-0*5 
mg./kg.). Killed 3 hours 
later. 

9 

8*2 

± 0*9 

1-9 

0-05 

Adrenalectomised and burned 
(as above). Killed 1 hour 
later. 

6 

6*2 

±0*3 

-0*1 

0*81 

Adrenalectomised and burned 
(as above). Killed 3 hours 
later. 

4 

6*6 

± 0*4 

0*3 

0-52 

Adrenalectomised only. Killed 

1 hour later. 

2 

5*9 

±0*8 

-0*4 

0*55 

Adrenalectomised only. Killed 

3 hours later. 

■ 

■ 

± 0*3 

-0*6 

1 

0*24 
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Table XII. — Blood Sugar and Plasma Alkali Reserve or Rats Starved 

for 24 Hours. 


Previous treatment. 

Blood sugar (mg./lOO ml.). 

Alkali reserve 
(ml. COj/lOO ml.). 

A 

H 

a 

Blood 

sugar. 

w . § 
w a 

Rise. 

P. 

B3 

fes.s 

« 

Alkali 

reserve. 

S.R 

mean. 

Poll. 

p. 

Control (aniesthetisod 
only). 

11 

69 

± 4 

■ 

■ 

8 

50-3 

±M 

■ 

m h 

■ Hi 

Burned (30 seconds at 
80 Q C.). Sample taken 
1-14 hours later. 

11 

83 * 

± 4 

14 

0-03 

7 


■ 

1-6 

0-5 

Injected with 50 c.c. 
isotonic ammonium 
chloride. Sample 
taken 1-1£ hours 
later. 

£ 

£0 

± 6 

20 

0-02 

~ 

32*2 

il-B 

18*1 

< 0*01 


* It 'will be noticed that whereas the control blood sugar is the same, the blood sugar 
after burning is less than that reported in Table VII. The rats used in this experiment 
were of a different strain. 


Table XIII. — Blood Sugar of Rats Starved for 24 Hours and then Burned 
for 30 Seconds at 80° C. Animals Killed 1 Hour after Burning. 


Previous treatment. 

Xo. 

animals. 

Blood sugar 
(mg./lOO ml.). 

S.E. 

mean. 

P. 

Injected with 5 ml. isotonic 
sodium chloride. 

6 

770 

± 6-2 


Injected with 5 ml, isotonic 
sodium bicarbonate. 

6 

76-5 

|B 

>0-9 
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Table XIV. — Mortality of Bats Starved for 24 Hours and then 
Burned for 30 Seconds at the Stated Temperature. 


Temperature 
of burning. 

Fed 000 mg. glucose in 2 ml. 
water/100 g. body -weight by 
stomach tube. 

Fed 2 ml. water/100 g. body* 
weight by stomach tube. 

No. 

animals. 

No. dead 
in 24 hours. . 

No. 

animals. 

No. dead 
in 24 hours. 

70° 

0 

1 

6 

0 

80° 

0 

1 

6 

. 

1 

85° 

6 

1 

6 

0 

90° 

6 

5 

6 

5 


























SUBCUTANEOUS TEMPERATURES IN MODERATE TEMPERA- 
• TURE BURNS. 1 By It. Mendelssohn and R. J. Rossitek. 
From tlie Department of Biochemistry, Oxford. 

{Received for pztblicatioji 24 th Novejnber 1943.) 


The macroscopic and microscopic damage caused by the application 
of a burning iron of moderate temperature to the skin of guinea-pigs has 
been previously reported [Leach, Peters, and Rossiter, 1943], An 
application for 1 minute at 45° C. causes no macroscopic and negligible 
microscopic damage. At 50° C. there is a temporary erythema and the 
histological damage — swelling of nuclei of epithelial cells and loss of 
basophil staining of their cytoplasm — is completely reversible. At 
55° C., following a transient blanching, there is a persistent erythema, 
flare, slight oedema, histological evidence of separation of the prickle 
cells from the basement membrane, disintegration of some of these cells, 
greater loss of basophil properties and escape of pyronin-staining 
substance from the cytoplasm of the epithelial cells, fragmentation of 
their nuclei and the appearance of Feulgen-positive material (nucleo- 
protein) in the incipient blister spaces; the damage is irreversible and, 
later, a firm scab forms, which subsequently is shed. At 60° C. the 
erythema, flare,, and oedema is more pronounced and the epidermis can 
be readily separated from the dermis at the basal cell layer; micro- 
scopically, the epithelial cells are heat coagulated; microscopically, 
there is gross damage to epithelial cells and also changes in the collagen 
fibres — swelling, partial disintegration, increase in affinity for basic dyes 
and decrease for acidic. 

All the temperatures, so far referred to, are those of the burning 
iron. It is obvious that the temperature of the tissues must be lower. 
The experiments reported below were designed with the object of defining' 
more accurately the temperature at which a known degree of damage is 
produced. ° & 

We have been able to find but few references in the literature to the 
recording of subcutaneous temperatures during local application of beat 
and, of these, most refer to man. Grunspan [1913] reported that 
15 minutes diathermy produced pain with a subcutaneous temperature 
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on behalf of the Bums Sub- committee of the War Wounds Committee Med ea! 
Research Council. Report submitted September 1943 ’ Medical 

301 



300 


Carbohydrate Metabolism after Burning 


Table XIV. — -Mortality or Bats Starved for 24 Hours and then 
Burned for 30 Seconds at the Stated Temperature. 


Temperature 

Fed 600 mg. glucose in 2 ml. 
water /1 00 g. body-weight by 
stomach tube. 

Fed 2 ml. water/100 g. body- 
weight by stomach tube. 

of burning. 

No. 

No. dead 

No. 

No. dead 

| 

animals. 

in 24 hours. . 

animals. 

in 24 hours. 


70° 6 1 6 0 



80° 


0 


85° 


0 


90° 6 6 6 


5 

























SUBCUTANEOUS TEMPERATURES IN MODERATE TEMPERA- 
• TURE BURNS . 1 By K. Mendelssohn and R. J. Rossxtee. 
From the Department of Biochemistry, Oxford. 

(Received for publication 24 th November 1943.) ^ 


The macroscopic and microscopic damage caused by the application 
of a burning iron of moderate temperature to the skin of guinea-pigs has 
been previously reported [Leach, Peters, and Rossiter, 1943]. An 
application for 1 minute at 45° C. causes no macroscopic and negligible 
microscopic damage. At 50° C. there is a temporary erythema and the 
histological damage — swelling of nuclei of epithelial cells and loss of 
basophil staining of their cytoplasm — is completely reversible. At 
55° C., following a transient blanching, there is a persistent erythema, 
flare, slight oedema, histological evidence of separation of the prickle 
cells from the basement membrane, disintegration of some of these cells, 
greater loss of basophil properties and escape of pyronin-staining 
substance from the cytoplasm of the epithelial cells, fragmentation of 
their nuclei and the appearance of Feulgen-positive material (nucleo- 
protein) in the incipient blister spaces; the damage is irreversible and, 
later, a firm scab forms, which subsequently is shed. At 60° C. the 
erythema, flare,, and oedema is more pronounced and the epidermis can 
be readily separated from the dermis at the basal cell layer; micro- 
scopically, the epithelial cells are heat coagulated; microscopically, 
there is gross damage to epithelial cells and also changes in the collagen 
fibres — swelling, partial disintegration, increase in affinity for basic dyes 
and decrease for acidic. 

All the temperatures, so far' referred to, are those of the burning 
iron. It is obvious that the temperature of the tissues must be lower. 
The experiments reported below were designed with the object of defining' 
more accurately the temperature at which a known degree of damage is 
produced. 

We have been able to find but few references in the literature to the 
recording of subcutaneous temperatures during local application of heat 
and, of these, most refer to man. Grunspan [1913] reported that 
15 minutes diathermy produced pain with a subcutaneous temperature 


1 ^' x P eri ™G n ts performed under the direction of Professor R. A. Peters, P R S 
on behalf of the Bums Sub-comnuttee of the War Wounds Committed Medical 
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302 


Mendelssohn and Rossiter 


— measured by an iron-constantan thermocouple— of 40*5°. Hot air 
blown on the skin*caused much pain, and even second degree burns, 
with no significant rise in the subcutaneous temperature. Lewis and 
Love [1926], using a eopper-eonstantan thermocouple, found that, when 
a heated copper bar was placed on human skin, the limit of tolerance was 
47-48*5° C., corresponding to a subcutaneous temperature of 42-43° C. 
If, on the other. hand, a limb were immersed in warm water, the tolerance 
limit was 45-47° G. [Lewis, 1924, and confirmed by us]. At 43-44° 0., 
with a subcutaneous temperature of 37-40° C there was a flushing of 
the skin, and 51-52° C. (subcutaneous temperature of 42° C.) produced 
blistering and wheal formation, Westermark [1927] heated the skin 
of animals with high frequency currents and recorded the intracutaneous 
temperature. Rats tolerated 45° C. for I A hours and 46° C. for 1 hour, 
but 46° C. for 1A hours gave “obvious necrosis.” For the pig ( ? guinea- 
pig), 50 0 C. for 4 minutes was without effect, while 50° C. for 8 minutes 
produced necrosis. Details of these experiments are very meagre. 

Animals . — These were guinea-pigs of weight 500-700 g. 

Method of Burning . — Burns were produced by means of the burning 
iron previously described by Leach et al. [1943]. 

Method of Recording Temperature. — The tempera ture was measured 
with a copper -constantan thermocouple inserted in the tip of a hypo- 
dermic syringe needle of 0*45 mm. outside diameter. The reference 
junction was thermally connected to a large block of copper, whose 
temperature could be maintained at an even level by means of an electric 
heater. The resultant thermo-e.m.f. was read on a simple Cambridge 
Instrument Pot Galvanometer of 45 ohms resistance, the scale being 
100 cm. from the mirror of the instrument. The accuracy thus obtained 
was 0*05° C. 

In order to determine whether an appreciable error was introduced 
by thermal conduction along the needle, its shaft was packed with solid 
C0 2 at a distance of 2‘5 cm. from the tip while the latter was in the 
recording position. This artificially created temperature difference of 
more than 100° C. influenced the reading by only 0*05° 0. Since the 
largest temxmrature difference encountered in the experiments was onl) 7 
.about 35° C., it is clear that any error due to heat conduction was 
negligible. . , , . , 

The needle was inserted through the skin of the shaved anaesthetised 
guinea-pig and moved into the loose subcutaneous tissue. It was then 
directed upwards so that the point was in contact with the lower surface 
of the dermis. While the burning was in progress, the pressure on the 
iron depressed the skin firmly against the point of the needle; the 
temperature measured, therefore, was that of the deepest layer of the 
dermis. The epithelial cells were at a higher temperature, a temperature 
intermediate between that of the burning iron and that recorded . Some 
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experiments were performed with the thermometer needle intradermally . 
These results were not readily reproducible, however, possibly because 
of the difficulty of accurately localizing the point' of the needle, and 
possibly also because of the seepage of oedema fluid along the path of 
damaged tissue, produced when the needle was inserted. 

Anaesthesia . — At the outset, ether was used as an anaesthetic, but it 
soon became evident that the skin temperature fell rapidly — 4-5° C. 
per hour — when this substance was employed. Fig. 1 shows that this 
fall was due to a fall in body temperature rather than to changes in the 



Fig. X. — Subcutaneous and rectal temperatures of guinea-pigs under either 
ether or nembutal antesthesia. 

cutaneous blood supply. Under these conditions, the changes in the 
initial skin temperature (5° or so in the same animal) seriously influenced 
the final temperature reached; this was particularly so for 1-minute 
applications of the burning iron. It was found, however, that intra- 
peritoneal nembutal (40 mg. kgm.) gave the same degree of narcosis — 
abolition of corneal reflex but retention of pinna reflex to high-pitched 
squeak — but a much smaller fall in temperature (fig. 1) once the required 
depth of anaesthesia had been reached. After an initial drop, usually 
lasting 40 minutes, a steady temperature persisted for an hour or more. 
Readings were taken during this period. Reference to the literature 
has shown that the fall in body temperature of experimental animals 
during ether anesthesia is well known [Allen, 1896; Mills, 1907; and 
Davis, 1909]. 

Horizontal Distribution of Temperature under Bxirning Iron . 

The horizontal distribution of the subcutaneous temperature was 
determined m a number of experiments with the burning iron at 55° C 
VOL. XXXII, xo. 4 . — 1944. 2 <> 
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— measured by an iron-constantan thermocouple— of 40-5°. Hot air 
blown on the skim caused much pain, and even second degree burns, 
with no significant rise in the subcutaneous temperature. Levis and 
Love [2926], using a copper-constantan thermocouple, found that, when 
a heated copper bar was placed on human skin, the limit of tolerance was 
47-4S-5 0 C., corresponding to a subcutaneous temperature of 42-43° C. 
If, on the other.hand, a limb were immersed in warm water, the tolerance 
limit was 45-47° C. [Lewis, 1924, and confirmed by us]. At 43-44° G., 
with a subcutaneous temperature of 37—40° C., there was a flushing of 
the skin, and 51-52° C. (subcutaneous temperature of 42° C.) produced 
blistering and wheal formation. Westermark [1927] heated the skin 
of animals with high frequencyr currents and recorded the intracutaneous 
temperature. Rats tolerated 45° C. for 14 hours and 46° C. for I hour, 
but 46° C. for 14 hours gave {< obvious necrosis. 55 Eor the pig ( ? guinea- 
pig), 50° C. for 4 minutes was without effect, while 50° 0. for 8 minutes 
produced necrosis. Details of these experiments are very meagre. 

Animals . — These were guinea-pigs of weight 500-700 g. 

Method of Burning .- — Burns were produced by means of the burning 
iron previously described by Leach et al. [1943]. 

Method of Recording Temperature . — The temperature was measured 
with a copper-constantan thermocouple inserted in the tip of a hypo- 
dermic syringe needle of 0*45 mm. outside diameter. The reference 
junction was thermally connected to a large block of copper, whose 
temperature could be maintained at an even level b} r means of an electric 
heater. The resultant thermo-e.m.f. was read on a simple Cambridge 
Instrument Pot Galvanometer of 45 ohms resistance, the scale being 
100 cm. from the mirror of the instrument. The accuracy thus obtained 
was 0-05° C. 

In order to determine whether an appreciable error was introduced 
by thermal conduction along the needle, its shaft was packed with solid 
C0 2 at a distance of 2*5 cm. from the tip while the latter was in the 
recording position. This artificially created temperature difference of 
more than 100° C. influenced the reading by only 0*05° 0. Since the 
largest temperature difference encountered in the experiments was only 
.about 35° C., it is clear that any error due to heat conduction was 
negligible. 

The needle was inserted through the skin of the shaved anaesthetised 
guinea-pig and moved into the loose subcutaneous tissue. It was then 
directed upwards so that the point was in contact with the lower surface 
of the dermis. While the burning was in progress, the pressure on the 
iron depressed the skin firmly against the point of the needle; the 
temperature measured, therefore, was that of the deepest layer of the 
dermis. The epithelial cells were at a higher temperature, a tempera ture 
intermediate between that of the burning iron and that recorded. Some 
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55 
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45 
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35 

°C 


DV \ 01 Z 3 4 5 6 7 89 10 

Minutes 

Fig. 3. — Time distribution of subcutaneous temperature under the burning iron. 
Temperature of iron, 55° C. Guinea-pig under nembutal anaesthesia. 



I* ig . 4 . Equilibrium subcutaneous temperature under the burning iron. Guinea- 
pig under nembutal anaesthesia. 
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Tiie iron was placed on the skin until equilibrium had been attained 
and then the point of the thermometer needle was drawn under the iron 
m a series of steps, 3 mm. at a time, the equilibrium temperature being 
recorded before each movement. Big. 2 shows the subcutaneous 
temperature under the iron. Such a temperature gradient had been 
predicted from a knowledge of the horizontal distribution of histological 
damage reported previously [Leach et ah , 1943]. This also shows that 



a slight accidental displacement of the needle from a position directly 
beneath the centre of the iron is unlikely to falsify appreciably the 
recorded temperature. 

Equilibrium Temperatures . 

After applying the burning iron to the skin, the subcutaneous 
temperature was recorded at 10-second intervals until equilibrium had 
been reached. Fig. 3 shows the curve obtained for four different animals 
with the burning iron at 55° G. It also gives some idea of the degree of 
reproducibility which may be expected. Similar curves were plotted 
for temperatures of the burning iron varying from 45° to 70° C. Fig. 4 
shows the relationship between the equilibrium temperature and the 
temperature of the burning iron. With a burning-iron temperature of 
55-60° C., corresponding to an equilibrium temperature in the neighbour- 
hood of 50° C. } there is a flattening of the curve. It would be interesting 
to know the cause of this irregularity. It is possibly due to some 
physiological phenomenon producing a change in the rate of heat removal 
hy blood-stream convection. Another possibility is that the thermal 
properties of the skin are changed , for it is at these temperatures that 
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Table I. — Temper ature reached after a 1 -Minute Application- of the 
Burning Iron to the Skin of Anaesthetised Guinea-Pigs, 


Temperaturo 

of 

burning iron. 

No. of 

observations. 

Mean 

temperature 

reached. 

Standard 
error of P. 
mean. 

45 

47 - 

50 

55 | 

60 

70 

9 

8 

11 

16 I 

14 

7 

38-4 

40- 1 

41- 1 

44-8 

48-4 

54*4 

0-4 < 0 ' 01 
n* < 0-214 

< ooi 

ll < 0-01 


Discussion. 

These findings enable us to state to within what limits of temperature 
the cells of the skin must be subjected, to produce certain of the changes 
previously observed. This temperature must be intermediate between 
that of the burning iron and that of the under surface of the skin. 
Erythema is produced when the cells of the skin are heated to some 
temperature between 40° and 50° C. Irreversible destruction, character- 
ized by persistent erythema, flare, slight oedema, scabbing, loss of 
basophil properties and escape of a pyronin-staining substance from the 
cytoplasm of the epithelial cells and of nucleoprotein from their nuclei, 
occurs at temperatures between 45° and 55° G. Massive oedema, 
separation of the epidermis and coagulation of the epithelium occurs 
between 50° and 60° C. That irreversible damage is sustained (i.e. cells 
are killed) between 45° and 50° C. brings skin tissue into line with the 
observations of other workers on the ability of living tissues generally 
to withstand heat [Leach et al ., 1943, for references]. 

An important feature of this study is that it forms a basis for the 
correlation of “in vitro ” enzyme studies, now proceeding, with the 
conditions actually occurring in the heat-damaged epithelial cell. 


Summary. 

1. For a corresponding degree of narcosis, nembutal caused a lesser 
fall in the body temperature of guinea-pigs than ether. 

2. The horizontal distribution of subcutaneous temperature under 
the previously described burning iron has been plotted. 

3. For temperatures of the burning iron ranging from 45° to 70° C., 
observations have been made of the final equilibrium subcutaneous 
^ emperature ; similar observations have also been made on subcutaneous 
temperature leached after a 1-minute application of the iron. 
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there is a sudden increase — of the order of 100 per cent. — in water 
content of skin [Leach et al, 1943]. 

Burns for One Minute . 

In previous work from this laboratory on moderate temperature 
burns, 1 minute has been adopted as the standard burning time. It was, 
therefore, of interest to determine the highest subcutaneous temperatures 
that would be reached during a 1 -minute application, with the burning 
iron at different temperatures. A glance at fig. 3 shows that, whereas 
for a given burning-iron temperature the final equilibrium temperature 
reached was usually the same, 1 the temperature reached after an applica- 
tion of 60 seconds often varied considerably. This contrast between 
equilibrium and 1 -minute temperatures was possibly due to different 
rates of heating in different animals. ' The temperature reached after 
a 1 -minute application to a number of different animals is shown in 
fig. 5. In general, the higher the initial skin temperature the higher 



YiQ. 5 , — Initial and final subcutaneous temperature for a 1-minute application of the 
bur nin g iron. Guinea-pig under nembutal anaesthesia. 


was the temperature reached. Table I gives the mean values of the 
subcutaneous temperatures for each burning-iron temperature, together 
with the standard error of the mean. The significance of the difference 
between each pair of means is illustrated by the values of P also tabulated. 

i This was certainly true for the lower burning-iron temperatures. When 
the temperature was higher there was a certain amount of scatter (see fig. 4). 



THE INFLUENCE OF METABOLIC STIMULANTS ON WOUND 
HEALING; THE INFLUENCE OF THYROID and 2-4ra 
DINITROPHENOL. By T. H. C. Barclay, 1 D. P. Cuthbekt- 
son, and A, Isaacs, Institute of Physiology, University of 
Glasgow. 

(Received for publication 29 th November 1943.) 

The daily subcutaneous injection of an alkaline extract of the anterior 
lobe of ox pituitary gland into the rat has no appreciable effect on the 
rate of healing of experimental wounds, in spite of its definite anabolic 
effect [Cuthbertson, Shaw, and Young, 1941]. Davidson and Waymoutk 
[1943] found that similar extracts, which had shown growth accelerating 
activity in young rats, did not show a growth-promoting effect on chick 
heart fibroplast cultures. 

Since this extract of the anterior pituitary gland had no significant 
action on the rate of wound healing, the influence of catabolic stimulants 
{e,g. thyroid gland extract and 2 T 4 -a dinitrophenol) on the rate of wound 
healing was investigated. The results are recorded below. 

Lauber [1930] has drawn attention to the value of thyroid administra- 
tion clinically in wound healing. Kosdoba [1934], as the result of a 
study of incised wounds made on a variety of species, has come to the 
conclusion that, as judged by macroscopic and microscopic appearances, 
the healing times are definitely reduced in all species by the injection of 
thyroxin or by homo- or hetero -transplantation of thyroid gland, and 
that this takes place in wounds healing both by first and second intention. 
Further, he found that partial (up to £) resection of the thyroid or total 
thyroidectomy delayed healing by 4-40 days. 

Experimental. 

The technique of wounding and measurement of healing was that 
previously described by Cuthbertson et al . [1941]. This involves the 
removal of discs of skin from the outer aspects of the thighs. The 
criterion of healing was based on the complete epithelialisation of the 
wounded area (macroscopic observation) with subsequent confirmation 
by histological methods. By the latter confirmatory test it was possible 
to demonstrate that the healing process was shared by the whole thick - 

1 James Reid Stewart post-graduate Bursar. 
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4. The temperatures, at which the changes produced by burning 
occur, have been defined with greater accuracy. 

The authors wish to thank Professor R. A. Peters, F.R.S., for his 
continued interest and Dr. David Evans and Dr. M. 0. Manifold for their 
help with the planning of this investigation. One of us (K. M.) is 
indebted to the Medical Research Council for a personal grant and the 
other (R. J. R.) to the Carnegie Trustees. The Medical Research Council 
has also contributed towards the cost of this research. 
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lost weight. In Expt. 2 the loss was less in the thyroid (2) group 
than in thyroid (1) group. 

Expt. 4 . — In this experiment the 2-4-a dinitrophenol was ad- 
ministered orally, beginning on the day of operation. 

The diet for this group was made up as follows: to 0-12 g. 2-4-a 
dinitrophenol N/NaOH was added until the solid dissolved and the 
solution was just alkaline, using phenolphthalein as indicator. This 
volume was made up to 50 ml. with ethyl alcohol and the solution 
added, drop by drop with constant stirring, to 1 kg. stock diet. The 
alcohol was then evaporated off in an incubator room with an air 
current. 

There were 16 wounds (8 animals) in the control group and the same 
number in the dinitrophenol group. The changes in body-weight 
were indeterminate. 

Expt. 5. — Since Murphy [1938] found that much larger doses of 
2-4-a dinitrophenol could apparently be administered with safety to 
rats, the dosage in this experiment was increased approximately eight- 
fold, 0*9 g. 2-4-a dinitrophenol being added to 1 kg. of stock diet. 

Originally there were 24 wounds (12 animals in each group), but 4 
dinitrophenol treated animals -died and 1 of the wounds of the control 
group was interfered with by the animal concerned. There was a 
definite loss of body-weight in the dinitrophenol group. 

Expt. 6. — In this experiment the dose of 2-4-a dinitrophenol was 
reduced to that of Expt. 4, The experiment was done in combination 
with Expt. 4. Originally there were 32 wounds in each group, but 3 
control animals died (i.e. 6 wounds deficient). All the dinitrophenol 
treated animals remained alive. There was only a slight loss of body- 
weight in the dinitrophenol group. 


Experimental Data. 

Since the basis of comparison between the controls and the treated 
animals in these experiments is the average number of days taken by 
the wounds to heal, the latter has been calculated for each group and is 
given in column 3 of the table. 

As a criterion of significance the difference between the means must 
exceed twice the standard error of the difference between the means (in 
which case the odds are more than 100 to 5 against it having arisen by 
chance). It will be seen from the table that the difference between the 
means of the controls and treated group is significant except in Expt. 5. 


Discussion. 

Kosdoba [1934] in his experiments on the white rat noted that, so 
far as macroscopic appearances were concerned, the period of wound 
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ness of the sldn and that the apparent Iiealing on naked-eye view was 
not merely a covering of epithelium over incompletely healed deeper 
layers. 

Young adult male rats were used in all the experiments. Each rat 
received two circular wounds each of 12-5 mm. diameter . 

Throughout the experiment the animals were given, ad libitum , 
the stock diet described by Thomson [1936]. They were weighed at 
regular intervals in order to determine that the activity of the catabolic 
stimulant was being maintained. 

Sepsis was observed in none of the wounds. 


Experimental Notes . 

Expt. 1 . — The thjnvid-fed group diet was made up as follows: Ext. 
thyroid sicc. B.P. was added in the proportion of 1 g . to 2 00 g. of stock 
food. 

There were 24 wounds (12. animals) in the control group and there 
would have been the same number in the thyroid group, had one animal 
not died and one wound been chewed by its owner. 

In the thyroid group (T), consumption of this diet started 8 days 
prior to operation and was continued throughout the experimental 
period. 

Expt . 2. — In this experiment the proportion of ext. thyroid sicc. B.P. 
added to the stock diet was reduced to 0*75 g. per 200 g. With the 
above exception in quantity of thyroid extract , the thyroid group (1) 
was similar to that of Expt. I with regard to the pre-operative feeding. 
In thyroid group (2) the animals began them thyroid diet on the day of 
operation. 

There were 24 wounds in the control group (12 animals), 13 wounds 
in tigroid group (1), and 22 wounds in thyroid group (2). Since the 
conditions of the experiment, as far as the thyroid group (1) were 
concerned, were the same as in Expt. I, with the exception of dosage, it 
was felt that to use the animals available to the best advantage it would 
be preferable to have controls and the unknown thyroid group (2) as 
nearly as possible the same, and allow the deficiency, due to the in- 
sufficient number of animals available, to exist in thyroid group (1). 
Unfortunately one of the thyroid group (2) animals died, hence there 
were only 22 wounds to investigate. 

Expt. 3.— The technique was identical with that of Expt. 2, T(l)* 
There were 26 wounds (13 animals) in the control group. Originally 
the experiment had 32 wounds in each group (16 animals per group). 
Three rats died in the thyroid group, and the same number in the 
control group. One wound of the thyroid group was chewed and was 
in consequence discounted. 

In all three experiments (1, 2, and 3) the thyroid treated groups 
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and Freeman [1910], have satisfactory evidence in respect of dinitro- 
phenol. Associated with this increase in oxygen uptake is a tendency 
for a slight rise in general body temperature. There is also ample 
evidence that the thyroid gland exerts a positive influence in speeding 
up cardiac output, circulation time, and, in consequence, the blood 
supply to the part. Kosdoba [1934] has attributed the beneficial effect 
of this hormone to its influence on the general metabolism, but, in 
particular, on fibrous tissue and the blood vascular system. There is 
no doubt but that measures which improve the blood supply to a part, 
influence favourably the healing of a wound of that part [Arey, 1936]. 

Although Simians [1937] has found that “dinitrophenol is remark- 
able for its lack of significant effects on the cardiovascular system, even 
when the basal metabolic rate is raised to high levels,” it is difficult to 
conceive of an increase in the metabolic rate without some parallel 
change in the circulation rate. Indeed, Cushny et al. [1941] have 
definitely stated that dinitrophenol causes a marked increase in the 
pulse rate. 

After the infliction of a wonnd, there appears to be a rapid fall in the 
metabolism of the tissues, the degree of fall being presumably related 
fco the trauma. Green’s [1943] and Bielschowsky and Green’s [1943] 
recent observations on the reduction in body temperature which follows 
injection of muscle shock factor(s) from muscle is of special interest. 
There then follows a rise in metabolism above normal, followed finally 
by a decline to normal level [Gaza and Gissel, 1932], One of us [Cuth- 
bertson, 1942] has already discussed at some length the significance of 
this swing of the metabolic pendulum. It would appear that the action 
of the thyroid and dinitrophenol in enhancing the rate of wound healing 
may well depend on (a) a direct effect on the cells, in particular the 
oxidative phase of their metabolism, and which in consequence probably 
increases the blood supply to the part; or on (6) a stimulant action on 
cell proliferation, due to the products of the excess catabolism. These 
factors, singly or in conjunction, may prove to be the determining 
agents. 

In these experiments, only two concentrations of dinitrophenol were 
tested, one 0*012 per cent., the other 0*09 per cent. With the latter 
dosage, the animals rapidly lost weight, and no favourable influence on 
wound healing was noted; indeed, rather the reverse was found. This 
was obviously a toxic dose. With the lower dosage no continued loss of 
body-weight took place. This was rather unexpected. It may have 
been that in proportion to the rise in metabolic rate the dinitrophenol 
treated animals ate more food than did the thyroid treated group. 
This is piirely surmise since the intakes were not measured. It is of 
interest that despite loss in body-weight (6-17 per cent.), the thyroid 

treated anima s exhibited a decrease in the average period of wound 
healing. 
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Experi- 

No. of 

Mean period required 
for healing. 

1 — 

Difference between 
controls and treated. 

Percentage 

difference 

ment. 

wounds. 





4 of mean 



Days. 

± S.E. of 
mean. 

Days. 

± S.E. of 
diff. 

periods. 

1 c 

T 

24 

21 ’ 

20-38 

15-86 

± 0-37 
±0-49 

4-52 

±0*61 

22% 

2 C 

24 

17-29 

± 0-62 




T(l). 

IS 

14-78 

± 0-34 

2*51 

±0-71 

14% 

T (2) . 

22 

15-36 

S ± 0-45 

1-93 

. ±0*77 

11% 

3 C 

T 

20 

25 

18-65 

16-40 

± 0-61 
± 0-34 

2*25 

± 0*70 

j 

12% 

4 C 

D.N.P. 

16 

16 

21*13 

15-44 

±0-53 

±0-31 

5*69 

±0-62 

27 % 

5 C 

23 

17-83 

± 0-62 

0-58 

±0*82 

qo/ 

0 /o 

D.A T .P. 

16 

17*25 

±0-54 

6 C 

26 

18*88 

± 0-69 

2*91 

i 

± 0*75 

15% 

D.N.P. 

32 

15-97 

±0-29 


C —Control. T=Thyroid treated. D.N.P. » dinitrohphenol treated. 


healing of liis incised linear wounds was reduced from 6-8 days (controls) 
to 4-6 days in the injected or implanted series, a 19 per cent, reduction 
in time. Rlicroscopically, the wounds were healed in 14-18 days in the 
injected or implanted series, a 22 per cent, reduction from the time taken 
to heal the controls, viz. 18-25 days. It is to be noted that Kosdoba 
only used 29 animals in his rat series, and of these, controls appear to 
hare amounted to somewhere in the region of one-quarter of the total 

In the present series of experiments, thyroid gland and 2-4-a 
dinitrophenol have been shown to diminish significantly the mean time 
required for healing. The former, if given for some days before wound- 
ing, caused a reduction of 12-22 per cent, in the mean time required for 
dealing, but when the thyroid was given from the day of wounding till 
healing took place then the reduction of the mean time for healing was 
found to be less, viz. 11 per cent. With dinitrophenol, the reductions 
noted in the two favourable experiments were 15 and 27 per cent. 
These values for the thyroid-fed animals agreed remarkably well with 
Kosdoba’s figures for linear wounds. 

Thyroid gland and dinitrophenol have the common property of 
increasing the rate of oxidation of the tissues. The evidence in respect 
of the thyroid gland is overwhelming, and Jeney and Valyi-Nagi [1938], 
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sidered wise to attempt to influence the rate of normally healing wounds 
of patients by such stimulants. 

In conclusion, we wish to thank Dr. E. Lewis-Eaning and Dr. P. L. 
McKinlay for their assistance in the statistical treatment of this in- 
vestigation. We are also greatly indebted to the Medical Research 
Council, and to the Ranldn Medical Research Eund of the University of 
Glasgow, for grants in aid of this work. 
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It is to be noted, however, that there is some evidence to suggest that 
fat is the main material catabolised under the influence of dinitrophenol 
[Cushny et ah, 1941], Thus, there would be less change in body -weight 
per calorie of energy liberated than would probably occur under the 
influence of thyroid. Further, the end products of metabolism from 
the action of these two catabolites would be quantitative^ and probably 
qualitatively different. Although not clear-cut, the evidence does 
that the dominant factor in speeding-up the wound healing is 
the direct stimulant action on the cells rather than the effect of the end 
products of that action. 

Young, Fisher, and Young [1941] found that a second wound 
inflicted some 10-12 days after the primary, healed at a significantly 
more rapid rate than the initial wound. They deduced that some 
accelerating factor must operate in the closure or healing of secondary 
wounds which is lacking in relation to primary wounds. This substance 
might be a “growth -pro mo ting substance” liberated by primary wounds 
or a by-product of immunity, or some other principle. The simplest 
explanation is that in the Young et ah experiments the second wound was 
produced during the final phase of the enhanced metabolism which 
follows injury, and which has been shown to be accompanied by marked 
evidence of an increased catabolism and traumatic fever [Cutlibertson, 
1932, 1942]. 

This enhanced metabohsm which follows the initial phase of de- 
pressed activity would appear to be due in the first instance to substances 
set free from the traumatised cells. The need to label these as “active 
wonnd-healing substances” is not necessary, and tends to deflect 
attention from the reactive mechanism which is the essential thing. 

In conclusion, the writers do not consider it vise to attempt to 
reduce the normal rate of wound healing in patients by such means as 
have been tried in these experiments. On the other hand, with indolent 
wounds the question of the administration of thjn-oid might be considered. 


Summary. 

1. Dried thyroid gland, when fed to young adult male albino rats 
throughout the period of healing of circular skin wounds, caused a 
significant reduction in the mean time required for healing (11 per cent, 
reduction). When the rats were, in addition, given a pre-period of 
thyroid feeding before operation, the, mean time required for healing 
was reduced by 12 and 22 per cent, in the two experiments performed. 

2. 2-4- a dinitrophenol fed as a component of the diet (0-012 per cent.) 
also caused a significant reduction in the mean time required for healing 
(15 to 27 per cent, reduction). Larger doses (0*09 per cent.) lacked this 
stimulant effect and the weight loss was marked. 

3. The significance of these findings is discussed. It is not con- 
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I. Introduction. 

The posterior lobe of the pituitary consists of two anatomically distinct 
structures— pars intermedia and pars nervosa. The pars intermedia 
manufactures melanophore expanding hormone and the pars nervosa a 
substance (or substances) with oxytocic, pressor, and antidiuretic 
activities. Unfractionated extracts of posterior lobe exhibit all four 
activities. * 

The substance(s) responsible for pressor, oxytocic, and antidiuretic 
effects has not been isolated in pure form. So the activity of an 
unknown extract is compared with that of an international standard 
posterior lobe powder (I.S.P.P.) prepared from ox glands according to 
a specified procedure and kept at the National Institute for Medical 
Research at Hampstead. Dale [1940] provides a fully documented 
review of events leading up to the adoption of this international standard 
An international unit of pressor, oxytocic, or antidiuretic activity is 
defined as that amount of activity present in 0-5 mg. of the I.S.P P 
There has been no formal recognition of an international unit of 
melanophore expanding activity, referred to as “B” (after Hogben)! 
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In previous studies on tbis hormone we hesitated to suggest a melano- 
phore unit as the activity in 0*5 mg. of I.S.P.P., because this might 
have been taken to imply that any powder made according to standard 
procedure (or approximating to it) would contain “B” in the same 
proportion to the other three activities as the international standard. 
At the time we had no evidence to show whether this was true or not. 
As a temporary measure we took one of our own products of proved 
stability as a standard, and defined an L.W. unit as the melanopkore 
activity exhibited by 0*2o microgram of it [Landgrebe and Waring, 
1941]. Later work has shown two things: 

(a) There is no fixed ratio of melanophore to pressor activity in 
whole extracts of different ox posterior lobe powders (Table I). 
So while it is desirable to define the melanophore unit as the 
activity in 0*5 mg. of international powder, this must not be 
taken to imply that substandards accurately assayed for 
pressor and/or oxytocic activities necessarily have a <{ B J> 
content commensurate with that of I.S.P.P. 

(5) 0*5 mg. of I.S.P.P. contains “B” activity equivalent to 500 L.W. 
units (Table II), i.e, 1 L.W. unit = 2 “international” milli-units. 


Table L — Activity recorded as Percentage of International 
Standard Powder. 


Powder. 

Pressor. 

Oxytocic. 

“B.” 

1st International Standard 

S7 

87 

103 

2nd International Standard 

100 

100 

100 

Canadian Standard . 

100* 

100* 

40 1 

Substandard used for routine 




pressor assays 

90 

80 

17 

Commercial (Oxo) . 

65 

50 

15 

,, (Duncan Flockhart) 

70 

70 

60 

F.G.Y. J 

60 

50 

18 


* Assumed. 

t Calculated from Stehle’s [1936] figures. 

j A powder kindly supplied by Dr. F. G. Young of the M.R.C. 


II. Theoretical Considerations. 

When a “ B ’’-containing extract is injected into pale test animals 
(e.y, certain amphibia and fish) the melanophores expand and the skin 
darkens. The skin then gradually gets paler as the melanophores 
contract. To use this sequence of events for assay purposes we must 
(a) measure melanophore expansion or darkening of the skin, ( b ) adopt 
a criterion for estimating relative potencies of extracts. These will be 
considered separately. 
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used for fig. 1) that an animal with few but fully expanded melanophores 
is paler than an animal with abundant contracted ones. 

Quantitative results of real value can only be obtained by a direct 
estimation of the degree of expansion of melanophores themselves. 
Hogben, who was the first to realise this, introduced his first melanophore 
scale in- 1922 and an improved one in 1930. Without this the detailed 
analyses of colour change carried out by his school would not have been 
possible. After a few hours practice, a novice, with fig. 2 for reference, 
can read the melanophore indices (m.i.) of 12 animals without his 
average differing by more than 0*1 from that of an experienced supervisor. 


* a 

■ 


-i 

-fc it 

if 


**. % 


2 3 4 

FiO. 2. — Melanophore Index (mi.). 


Three preparations permit easy reading of melanophores : (a) isolated 
skin immersed in saline, (6) perfused pithed specimens, and (c) intact or* 
hypophysectomised animals with webs that can be quickly positioned 
on the microscope stage. Experience shows that only (c) yields results 
of quantitative value! 

For assay of “B” by injection of extracts into intact or hypo- 
physectomised animals, 1 Phoxinus 2 Sana , and Xenopus have been 
used by various workers [Landgrebe et al 1941, 1943]. We find 
Phoxinus quite unreliable. Satisfactory assays can be made on Rana , 
but Xenopus is preferable for three reasons : 

(a) Ease of Reading . — Xenopus has a much larger web than Rana 
temporaria and it can more rapidly be positioned on a microscope stage. 
Chromatophores other than melanophores are either absent or non- 
obtrusive. The apparent change of shape of the melanophore in 
transition from 1 to 5 on the melanophore scale is “smoother 5 5 and more 
uniform throughout the web. 

(b) Ease of maintaining Standardised Conditions . — Temperature, 
humidity, and light have profound effects on chromatic function of 
amphibia.^ All three are easily standardised in an aquatic animal 
such as Xenopus . A serious objection to use of British Rana is the 


Tho assay using Anohs (ns with other reptiles) depends on macroscopic 
appearance because there are no webs. 

* With this fish observation is made on erythrophore activity. It is still an 
open question whether eiythrophores and melanophores are activated bv the 
same pituitary autocoid [Landgrebe et al. y 1941, 1943]. 
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Measurement of MelanopJiore Expansion or Shin Darkening. 

This can be done by microscopic observation of the melanophores 
or by naked-eye estimation of the colour of the skin as melanophores 



(a) m i =s approx. 2. 


r* 






4 ? ' kg. ‘ tifr , 

■1 V t *HFf ‘*i i 


(6) m i = approx. 5 

Fig. 1. — To show how a combination of reduced ( i ) melanophores per unit 
area and (ii) melanin per melanophore may result in a skin with melanophores 
equilibrated at m i =2 being macroscopically darker than skin at mi *=5 
Magnification of both photographs the same 1 

/ 

expand. The objections to the latter, and to Hill's photo-electric 
method ofrecording.it, have been fully stated by Hogben [1936, 1942] 
and Neill [1940]; the overriding objection is the variation in inelano- 
phore density which may be so great (as, for example, in the animals 

i We have Xenopus with less melanin than in ( b ), but these do not photograph 
well with the melanophores expanded. 
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evoke expansion (he. they are more sensitive). Animals that are exposed to 
conditions that cause prolonged expansion of the melanophores (intact ammals 
on a black “background” or blinded animals in light, or animals with theirs 
glandularis removed) build up pigment, multiply their melanophores and 
decrease in sensitivity to “B” (fig. 3). In its incipient stages this loss and gain 
of sensitivity is not the same for all melanophores in one web. So that an 
animal' with a varied “background” history spread over a week or so may 
react to an injection by some of the melanophores expanding to 2 and others 
to 5. It is clearly impossible to obtain an accurate assay with such animals. 
This is prevented by keeping the animals on a white “background” for a few 
weeks, after which the melanophores react similarly. Sensitivity of animals 
kept on a white “background” increases fairly rapidly for 12 months. Then 
the increase is less rapid and the responses are consistent over a period of weeks. 
The increase of sensitivity and decrease of pigment are both less rapid than the 
corresponding decrease in sensitivifc^y and increase of pigment. Sensitivity , 
and amount of pigment be correlated so that the increased sensitivity that ' 
results from prolonged sojourn on a white “background” may be due to the 
reduced amount of pigment activated. 

Respective Merits of Normal and Hypophysectomised Xenopus for 
Assay Purposes . — Assays of all fluids with unknown contaminants {e.g. 
from blood, urine, etc.) should first be done on intact animals which 
have a far higher resistance to histamine, foreign protein and other 
toxic substances. When dealing with extracts not derived from the 
pituitary, it is essential to obtain final figures from hypophysectomised 
animals. Substances occur in urine, etc., that evoke release of “B” 
from the test animal’s own pituitary. There is no evidence for the 
presence of such substances in pituitary extracts prepared according to 
the standard procedure. 

Simple extracts of the pituitary give similar results with normal 
and hypophysectomised Xenopus , and for such extracts intact animals 
are advocated. Reliable assays can then be obtained under certain 
known external conditions w r hich four years’ experience permits us to 
specify precisely (p. 9). Further advantages of using intact animals 
are: (a) they are easier to keep with unskilled assistance, and (6) Xenopus 
are in short supply and it is convenient to “borrow” animals for “B” 
assay from other uses such as pregnancy diagnosis. The quantitative 
data in this paper are from normal toads, but exactly similar results 
are obtained from hypophysectomised animals. 

Respective Merits of Intraperitoneal and Dorsal Lymph Sac Infections . 
—We have used dorsal lymph sac (D.L.S.), intraperitoneal (I.P.), 
subcutaneous, and intravenous injections. Intravenous injections are 
extremely tedious and quite impracticable for routine work. Xenopus 
skin does not readily close over a skin puncture so subcutaneous 
injections are unreliable. Intraperitoneal injections may give erratic 
results, sometimes one or two of a group do not respond (probably 
due to extract entering the viscera). If, however, large numbers of 
test animals arc used, fairly consistent results can be obtained. The 
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dominant role played by humidity: in about 50 per cent, of intact 
specimens, melanopbores are always expanded in presence of water. 
When kept dry, survival is low. 

(c) Length of Life. — Xenopus lives indefinitely in the laboratory and 
its maintenance is easy. Lana temporaries can sometimes be kept 
alive for a few months but only with considerable attention. The 
advantages of the former are: 

(i) Under conditions to be specified, their response to a given dose is 
consistent for long periods (fig. 3). Thus a rapid rough assay can be made and 
the appropriate dose chosen (p. 11). 



Fjo. 3. — Graphic representation of the Effect of “Background” on the Sensitivity 
of Xenopus to Injection of “B”-containing Extracts. 

All animals kept on a black “background” for several weeks before experi- 
ment: For the first 24 months of the experiment toads kept on a white 
“background.” At-> they were transferred to a black “background.” At => 
they were transferred to a white “background." Points are the average 
sensitivity figures from same 12 toads. Sensitivity estimated at intervals shown 
by injecting each toad equilibrated on a white background 'with same dose of 
freshly made extract from the same sample of P.L.P. powder kept in a 

desiccator at 0° C. 


(ii) Accurate reading of animals with many melanophores is difficult. This 
is one of the chief obstacles to accurate assaj r with the Rana available to us. 
Xenopus kept for long periods on a white background have fewer melanophores 


C (iii) Amphibians exposed to conditions that evoke contraction of 
melanophores (intact animals on a white “background” 1 or completely 
kvpophysectomised animals) gradually lose their pigment \cf. Dawes, 1911] 
and some melanophores disintegrate. 2 Ammals so treated require less “B” to 


i See Waring [1912], p. 124. By white “background ” we mean a white container 
with overhead illumination. Similarly black “background” means black container 
with overhead illumination. 

; T? ecen t breeding experiments show that offspring from the same mating 
reared on the same background throughout development show great differences in 
degree of pigmentation. 
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of flattening is not directly proportional to the c B 5 content 
of the original powder [Landgrebe et ah, 1941, 1943]. 

(\ii) Inert protein (e.g. presence of anterior lobe tissue) in the extracts 
flattens the time-response curve even when extraction is 
made by the standard method with dilute acid (fig. 5). 

(iv) The second method takes longer than the first. 

We, therefore, use the first criterion — peak m.i., attained— when 
comparing potency of extracts. 



Fig. 5. — Responses of same Group of Intact Xenopus to Extracts of whole Gland 
and Posterior Lobe alone. 

, Doses adjusted to give approximately same peak m.i. Each point is the average 
reading from 6 toads. White background. 15° C. All doses 025 c.c. D.L.S. 

o = whole gland extracted by standard procedure with 0-25 per cent. 

acetic acid. r 

x —posterior lobe alono extracted by standard procedure with 0*25 per 
cent, acetic acid. 

A = whole gland extracted by standard procedure with 0*25 per cent. 

acetic acid, neutralised, adjusted to ,N/10 NaOH, heated in 
boiling -water bath for minutes and then neutralised. 

Q = posterior lobe alone, ditto. 


III. Practical Details, 

(a) Care of Animals. 

Xenop^^s should be kept separately in white containers {e.g. 6 inches 
diameter, 8 inches high) half-filled with water and fitted with wire -mesh 
lids. We keep them in a “dark room” thermostated at 16° C., with one 
40-watt lamp above 24 containers. 

At 10° C. Xenopns will sometimes eat even when being constantly 
handled as in assays. Every six months or so we “rest” the animais 
at 20° to 25° C. when they feed voraciously and rapidly regain any loss 
of condition [Landgrebe, 1939]. Feeding once a week is sufficient and 
the containers must be cleaned out next day. 
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response curve after LP. injection differs from that after D.L.S. injection 
and varies considerably for different groups of animals. Pig. 4 shows 
two tilings: (a) four to ten times the dose is required if LP. injection 
is used, ( b ) for the peak responses 2-5 and 3*5, the ratio of the doses 
required by D.L.S. injection is 1 : 3*5, while for I.P. injection the ratio 
is only 1 : 2, Le. I.P. injections give greater discrimination than D.L.S. 
injections. Unquestionably the most satisfactory route for injection 
is the dorsal lymph sac . It is absolutely reliable and the “relative dose” 
— “max. mel. index 99 curve (fig. 4) — is almost identical for different 
groups of test animals. 



Fig. 4.— Dose Kesponse Curve of the 18 Xenopus used to collect Data 
for Tables II and III. 

x — x t Dorsal lymph sac. 
o — o, Ultra peritoneal. 


* Criterion for comparing Potency of Extracts . 

There are two criteria for comparing potency of extracts: (a) peak 
rn.L attained, and (b) length of time between injection and re-assumption 
of complete pallor. Standard extracts of dried posterior lobe powders 
give similar results using either. We do not use the second criterion 
for the following reasons 

(i) The time response curve is very flat towards the end and there is 

room for considerable error. 

(ii) It is not applicable to extracts treated with caustic soda because 

this treatment flattens the time-response curve. The degree 
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IV. Performance of an Assay. 

(a) Preliminaries. 

1 . Select a large sample of posterior lobe powder preferably prepared 
from fresh gland and stored according to standard procedure [Burn, 
1937]. Use tliis as substandard. There is no reason to suppose that 
such a preparation deteriorates even over a period of thirteen years 
[c/. 1st and 2nd International Standard powders, Dale, 1942, and 
Table II of this paper]. 

2. Prepare a standard extract of substandard powder with dilute 
acetic acid (B.P., 1932). Such extracts are stable for a few hours and 
then sometimes deteriorate rapidly. Stehle [1936] also noted this in- 
stability of some extracts. Solutions store well if boiled in ampoules, 
sealed and kept in the dark. At room temperature they are stable for 
at least three months and at 0° C. for at least six months. Alkali 
treated -extracts must be standardised against extracts of international 
standard powder subjected to similar alkali treatment. 

3. Divide 12-24 toads into two equal groups, A and B. 


(b) Standardisation of Substandard Powder . 


Inject suitable doses (refer to Table II) of the standard into test 
animals of group A and substandard into those of group B. On the 



_ G >r~ T< l , . Ut ? strat0 the response of intact animals to graded doses of tho 
samo B -containing extract (supplied by Prof. Stehle). 15° C. White back- 
ground. All injections £ c.c. DX.S. 

• =0*2 y r x =<M y, ot=0-05y, Q «0-025 y Stehlo’s powder. 
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(b) Miscellanea with Regard to Assay 

io s on , Mimais -*** »- 

to handle. 6 d toads Sighing about 30 g. easiest 

background for six montbTu^fhaTe US ' 6d ' A ? imals ke P t on a ^te 
and no epidermal melanopbores Otber^ 00 ^^ 6 ^ number of dermal 
should be discarded as they lead to in.™„racT e ' “ ““ ye > >Mem ” ls 

(iv) Thafis t dlft at "f giTC “ Peak mJ - «»«nd 3-0. 
tip of the web proximallv ^ ° f ™ eIano Pb° re expansion from the 

m°?of tfet! Lh^r b * ° bt ^ n 

This poiV„re n 4 2 ;”S^h siiM” 

solvent. A Mo“ a tLnfh° ^ S ‘ ini f tions can be made with water as a 
the bach (“iarbHn »\ S °a +f tesU ^ s in a ^ ar S e dark area appearing on 

rise This is hi™ 8 L m r ,,n0 ? i0re ind « “ *>» ** does not 

owincr to m'lotWxi * ^ l ecte< * ac ^^7 does not leave the lymph sac 

by using* JZ foZ Jymph beart - “Jacketing” can be avoided 

dj using the following sahne as a solvent:— 


Total Content. 


NaCl 

KC1 

CaCL 

NaHCO, 

MgCl s 

Dextrose 

HoO 


8-3 g. 
0-33 „ 
0-12 „ 
0-1 „ 
o-i „ 

0-5 „ 
1000 c.c. 


Soln. 1. 


Soln. 2. 
Soln. 3. 


Prepare as follows. 
NaCl . 

KC1 

H„0 

CaCioOHoO 
H 2 0" : 

MgCloOHoO 
H 2 0" : 


S-5 g. 
0-34 „ 
1000 c.c. 
0-24 g. 
10 c.c. 

0-22 g. 

10 c.c. 


Just before use mix: 100 c.c. of Soln. 1, 1 c.c. of Soln n»„f o„/„ * 
and add 0-01 g. NaHC0 3 and 0-05 g. dextrose ’ & ’ 

Animals that “jacket” in spite of the use of this saline have damaged 
lymph hearts and must be given I.P. injections. 

(viii) Claims 'have been made that the volume of fluid used as a 
solvent for injected activity affects the response [Calloway el a! 194*1 
We cannot' confirm this. Nevertheless it is advisable to standardise 
the volume injected. We find that 1 c.c. and 0-25 c.c. give identical 
responses and suggest the use of 0*25 c.e. 
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VII. Implications op the Observation that “B’VPressor and 
“B” /Oxytocin Ratios are not the same in all Posterior 
Lobe Powders as they are in International Standard 
Powder. 

Data in Table I demand further examination on' two issues: 

1. The Low <e S yi (Pressor Patio of most Powders . 

There is convincing evidence that “B” emanates from the pars 
intermedia and pressor, oxytocic, and antidiuretic activities from the 
pars nervosa. 

There is yet no evidence that ox pitnitary powders prepared according 
to standard procedure have a pressor /oxytocic ratio different from that of 
I.S.P.P. Nor is there any indication that a relaxation of “standard” 
conditions (e.g. delay between killing and immersion of gland in acetone, 
etc.) results in differential loss of oxytocic and pressor activities. f 

Table I shows that the B/pressor ratio is not constant in various 
samples of powder. There may be two reasons for this: 

(a) Since “B” and pressor come from different parts of the gland 
it may be that the size ratio of these two parts varies. So the discrep- 
ancy noted may be due to different quantities of “B” and pressor in 
the original gland. There is no evidence for this. 

(b) That with these other powders some relaxation of the prescribed 
methods of preparation or storage may have resulted in greater loss of 
“B” than of pressor activity. There is no direct evidence for this 
either, but two reasons predispose us to consider it more likely than 
(a) above. They are: (1) close similarity of the “B” pressor ratio of 
the two international powders prepared in different countries at a 
thirteen years’ interval, (2) in all powders, except apparently the 
Canadian S.P., where the “B” potency is low, the pressor figure is also 
below standard. Of the several ways by which relaxation of the 


Table IV. — Activity Expressed m “ Ixter^atioxal” J&tltsi -Exits 
of “B” per mgm. of Powder. 



A.L.P. 

P.L.P. 

Whole 

gland.* 

Commercial (Oxo) 

100 

300 

— 

130 

P. G.'Y. 

60 

320 

100 

International preparation A.LJP.f 

50 



„ P.L.P.f 

* * 

2000 i 

375 


* Assuming tho A.L.P. is five times the weight of its P.L.P. 
t Although both these powders were produced by Armour, we have no informa- 
tion as to whether they were prepared from tho same glands. 
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next day, inject the same dose of standard into B and of substandard 
into A. Repeat this procedure at three dose levels. This will yield 
data that can be used for (a) constructing a skeleton dose-response 
curve, (&) calculating the potency of substandard to about 10 per cent. 
(cf. Table II). To construct an accurate dose-response curve several 
dose levels must be used. Fig, 6 shows the kind of discrimination to 
expect between different doses. 

If a large number of routine assays . are not contemplated and a 
figure correct to about 20 per cent, is sufficient, a simpler procedure can 
be adopted. Inject group A with I.S-P.P. and group B with the 
unknown extract at one dose level (preferabfy a dose that raises the 
m.i. to about 3). Read off the residt on fig. 4 of this paper. Experience 
shows that the sensitivity of toads varies considerably, but the dose- 
response graph of any group for dorsal lymph sac injections is not 
significantly different from that illustrated. This is strikingly demon- 
strated by comparison of graph 6 in Waring and Landgrebe [1941], 
which is based on observation of hypophysectomised toads by Waring 
in’ 1940, and which conforms to fig. 4 of the present paper, based on 
normal animals read by Landgrebe in 1942. 

(c) Assay of an Unknown Extract . 

It must again be emphasised that hypophysectomised animals must 
be used for other than pituitary extracts. 

Prepare three or four trial doses of the unknown and inject each into 
one toad. At 16° C. read at 1 1 hours (peak rise). From the figures so 
obtained estimate a dose that will raise the average m.i. of a group to 
about 3-0. Avoid doses that raise the index above 4 because sometimes 
melanophores temporarily lose their ability to attain 5*0. Inject the 
unknowm extract into group A and a comparable dose of substandard 
into group B. Reverse the groups next day. The response to sub- 
standard shows whether the toads are behaving true to form. If they 
are, the potency of the unknown extract can be read off on the dose- 
response curve (cf Tables II and III). 

' V. Sample Assays. 

(a) Table II is a reproduction of the final data from an assay to 
determine the number of L.W. units per mg. of international standard 
powder. The L.W. standard powder is that which has hitherto been 
used by us as a standard for “B” assays [Landgrebe. and Waring, 1941]. 
Table II shows that 1 mg. of international standard powder contains 
1000 L.W. units (Le. 1 L.W. unit = 2 “international” units). 

(b) Table III shows a comparison of first and second international 
standard powders. The second, which is now the standard, is 97 per 
cent, of the first. 




23.5.43 B 1*25 2-4 A 1<25 
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standard procedure might lead to greater loss of “B” than of pressor 
activity, Table IV shows that we cannot explain the low “B” content 
in two examples by diffusion of activity into the anterior lobe. 

2. The Effect of various Activities on each other with Reference 
to Accuracy of Assays. 

The possibility that the ratio of pressor, oxytocic , and antidiuretic 
activities in snbstandards maj^ be different is envisaged in Mem, 36 
[1936], This memorandum does not discuss the possibility that a 
disproportionate amount of one of the three activities might affect the 
assay of another. The relevant literature is meagre. 

There is some evidence that oxytocin inhibits the coronary con- 
striction caused by large doses of pressor, hut no information is a vailable 
to show that the pressor assay is significantly affected by a 'dispropor- 
tionate ratio of pressor and oxytocin in the doses usually injected. 
Kamm et al . [192SJ found that their pressor fraction evoked the same 
blood-pressure rise in the anaesthetised dog when injected alone or 
mixed with an equal number of oxytocin units. ' Smith [1943], using 
various mixtures of pressor and oxytocin , showed that the “pressor 
principle in preponderant amounts does not inhibit the action of the 
oxytocic on the isolated uterus. 1 * 

There is no experimental evidence to show that the presence of “B” 
affects assays of pressor, oxytocic, or antidiuretic activities. Earlier 
work [Landgrebe and Waring, 1941] showed that the presence of pressor 
in injections of a “B” extract reduces the time taken for the melano- 
phores to contract once the peak response is passed. To determine 
whether pressor reduces the peak response to “B it is necessary to test ' 
the effect of pressor-free “B 55 before and after the addition of known 
amounts of pressor. Previously this was not possible because we had 
no pressor extract substantially free from “B.” We now have an 
extract that contains less than 1 **1.17.” of “B,” 20 I.U. pressor and 100 
I.U. of oxytocin. The amount of “B” in this extract was checked by 
treating it with caustic soda. Over 95 per cent, of the pressor and 
•oxytocic activity was thus destroyed and the amount of ,# B JJ present 
after treatment was determined without the possible interfering effect 
of large doses of pressor and oxytocin. Experiments with this extract 
show that within the range of mixtures of neural lobe activities and “B 
likely to be encountered, the former have no effect on the latter when 
peak 77 i. i. is the criterion of potency. 

We may conclude therefore that it is legitimate, if expedient , to keep 
one substandard of posterior pituitary in the laboratoxy for the assay of 
both neural lobe activities and “B,” provided it is assigned a separate 
figure of potency relative to that in I.S.P.P. for each activity [cf. Mem. 36, 

1936, p. 9]. 
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VIII. Summary. 

* 1 . Detailed instructions are given for assay of melanophore-expanding 

hormone using J Kenopus laevis as a test animal. 10 per cent, accuracy 
is quickly and easily obtained. 

2’ The criterion of potency 'is the maximum melanophore index 
attained after injection of extracts into the dorsal lymph sacs of fully 
pale intact or hypophysectomised animals. 

3. Intact Xenopus kept on a white “background 55 for long periods 
sustain an actual loss of pigment and their sensitivity to pituitary 
extracts is increased. 

4. The first international standard posterior lobe powder contains ' 
97 per cent, of the melanophore-expanding activity of the new standard. 

5. We suggest that an international unit of melanophore activity be 
defined as that amount in 0*5 mgm. of the international standard 
powder, 

6. The ratio of melanophore-expanding, pressor, and oxytocic 
activities is not the same in all posterior lobe powders. 

7. The maximum melanophore index evoked by injection of a 
posterior lobe extract is not influenced by the amounts of pressor and 
oxytocin normally present. So one substandard powder may be used 
for assay of all activities, provided a separate figure is assigned for the 
potency of each activity in terms of the corresponding activity of the 
international standard powder. 

Our best thanks are due to Dr. F. G. Young of the Medical Research 
Council for a generous supply of posterior lobe powder. 

We gratefully acknowledge an expenses grant to one of us (H. W.) 
from the Medical Research Council. 
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standard procedure might lead to greater loss of “B ” than of pressor 
activity, Table IV shows that we cannot explain the low “B” content 
in two examples by diffusion of activity into the anterior lobe. 

2. The Effect of various Activities on each other with Reference 
to Accuracy of Assays. 

The possibility that the ratio of pressor, oxytocic, and antidiuretic 
activities in substandards may be different is envisaged in Mem. 36 
[1936]. This memorandum does not discuss the possibility that a 
disproportionate amount of one of the three activities might affect the 
assay of another. The relevant literature is meagre. 

There is some evidence that oxytocin inhibits the coronary con- 
striction caused by large doses of pressor, but no information is available 
to show that the pressor assay is significantly affected by a 'dispropor- 
tionate ratio of pressor and oxytocin in the doses usually injected. 
Kamm et ccl . [1928] found that their pressor fraction evoked the same 
blood-pressure rise in the anaesthetised dog when injected alone or 
mixed with an equal number of oxytocin units. Smith [1943], using 
various mixtures of pressor and oxytocin, showed that the “pressor 
principle in preponderant amounts does not inhibit the action of the 
oxytocic on the isolated uterus. 55 

There is no experimental evidence to show that the presence of “B” 
affects assays of pressor, oxytocic, or antidiuretic activities. Earlier 
work [Landgrebe and Waring, 1941] showed that the presence of pressor 
in injections of a “B” extract reduces the time taken for the rnelano- 
phores to contract once the peak response is passed. To determine 
whether pressor reduces the peak response to “B” it is necessary to test 
the effect of pressor Tree “B” before and after the addition of known 
amounts of pressor. Previously this was not possible because we had 
no pressor extract substantially free from “B.” We now have an 
extract that contains less than I “I.U. 55 of “B,” 20 I.U. pressor and 100 
IJJ. of oxytocin. The amount of “B 55 in this extract was checked by 
treating it with caustic soda. Over 95 per cent, of the pressor and 
oxytocic activity was thus destroyed and the amount of “B 55 present 
after treatment was determined without the possible interfering effect 
of large doses of pressor and oxytocin. Experiments with this extract 
show that within the range of mixtures of neural lobe activities and “B ” 
likely to be encountered, the former have no effect on the latter when 
peak m.i. is the criterion of potency. 

We may conclude therefore that it is legitimate, if expedient, to keep 
one substandard of posterior pituitary in the laboratory for the assay of 
both neural lobe activities and “B,” provided it is assigned a separate 
figure of potency relative to that in I.S.P.P. for each activity [cf . Mem. 30, 

1936,p. 9J. 



FACTORS IN PANCREATIN WHICH INFLUENCE THE NUCLEO- 
PROTEIN CONTENT OF FIBROBLASTS GROWING IN 
VITRO. By J. N. Davidson and C. Waymo.uth. _ From the 
Physiology Department, University of Aberdeen. 


(Received for publication 14<7i January 1944.) 

\ 

Is? the course of recent experiments on the chemical nature of the 
growth-promoting principles of embryo -extract, we reported [Davidson 
and Waymouth, 1943 a , 6] that commercial pancreatin, which is prepared 
by extracting pancreas glands with dilute alcohol, appeared to contain 
factors which exert a profound influence on the growth of chick heart 
fibroblasts in vitro. These factors have now been partially purified. 
In this paper some of their properties and effects are described. 

Methods. 

The roller -tube tissue-culture technique of Willmer [1942 u] was 
employed as described previously [Davidson and Waymouth, 1943 a]. 
Each roller-tube contained 6 fresh explants of the 9-day chick-embryo 
heart in 0-2 ml. fowl plasma. All tubes* were rotated in the incubator 
at 38° with 0*5 ml. Tyrode solution alone as fluid phase for 48 hours. 
The fluid was then removed and replaced by 0*5 ml. medium consisting 
of a suitable combination of Tyrode solution, embryo-extract and test 
substance, and the tubes replaced in the incubator. After a preliminary 
period of 1-3 hours some of the tubes were removed to give values for 
the initial amount of tissue present. The remainder were allowed to 
rotate for a further 24 or 48 hours or other suitable period. Control 
tubes with plasma but no tissue were also run. Determinations of 
nucleoproteln phosphorus (N.P.P.) were made at the beginning (time 0) 
and at the end (time t) of each test period as previously described, two 
or three roller-tubes being used at each time and with each test sub- 
stance. The number of tubes which could be accommodated on the 
rotating drum in any test was limited to 20. Plasma blanks were 
therefore^ dispensed with in some experiments, after it had been 
established that with the preparations under test their use made no 
significant difference to the results. Growth was assessed by the 
increase in N.P.P. during the test period. This method was found to 
be valid for determining the growth-promoting activity of embryo- 
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' of a dense compact appearance with a sharply demarcated edge. At 
first sight they present the appearance often associated with degenerating 
cultures containing fat globules, but microscopic examination of the 
cells shows that no signs of degeneration are present. 

Sections of the cultures were also made after fixation in formol-saline 
and embedding ^ by the method described by Parker [1938]. The 
presence of the pancreatin factor alters the appearance of the cells 
considerably. As shown in Plate I (C and D) the control cultures (C) 
present the usual network appearance of elongated cells with oval 
nuclei, whereas the cultures grown in the presence of the pancreatin 
preparation (D) consist of well -nourished polyhedral cells with rounded 
nuclei. Mitotic figures are clearly seen. 

2. Nucleoprotein Content of the Cultures . — As in earlier work 
[Davidson and Waymouth, 1943 a], direct comparisons of the effects of 
two substances on the N.P.P, of the cultures are normally made where 
control and test cultures are grown in the same plasma at the same time. 
In Table I the complete results of three such tests are quoted, while in 
Tables II and III the results are summarised in terms of the alteration 
in N.P.P. during the test period. 


Table I. — Examples of Tissue Culture Tests with N.P.P. Values for Tubes 

WITH AND WITHOUT TISSUE AT THE BEGINNING (3 HOURS) AND END (48 HOURS) 

or the Test Period. 


Tost 

No. 

Test substance in fluid 
phase in roller-tube. 

N 

concentra- 

tion 

rag./lOO ml. 

N.P.P. fig. per roller-tube. 

Morpho- 

logical 

changes. 

Initial. 

Final. 

Change. 

Plasma 

+ 

tissue. 

Plasma 

alone. 

Plasma 
_ + 

tissue. 

Plasma 

alone. 

G1 

Tyrodo solution alone 

0 

1*05 

0*20 

1*03 

0*24 






1-20 


1*03 



- 


Embryo -extract + Tyrodo 

30+0 

1*33 

0*41 

1*44 

0*29 






1-29 


1*73 




44 

Embryo -extract + Tyrodo 

30+0 

1-G3 

0-29 

2*13 

0*30 








1*90 





Embryo -extract + crude 

30 + 10 

1*60 

0*32 

2*80 

0*28 


+ + 


pancreatin preparation 




2*27 




82 

Embryo -extract + Tyrode 

30+0 

1*4S 

0*30 

1*79 

1 0*32 

RES 



! 




1*73 



} 


J Embryo-extract + phenol 

30+2 

1*25 

0*34 

2*04 

0*33 




i soluble fraction (i) 

i 


1*05 


1*92 





j > 




1*77 





> Embryo-extract + phenol 

30+20 

1*54 

0*37 

2*20 

0*30 


+ 


{ solublo fraction (ii) 


1*3S 


1*90 






1 




1*51 
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extract, and its use was therefore extended to experiments with other 
growth-promoting substances. For example, in a series of 10 tests 
with embryo -extracts containing 30 mg. N/100 ml., KP.P. was estimated 
at 3 and 4S hours (time 0 and time i) in a total of 35 roller-tubes with 
tissue, i.e. in 215 pieces of tissue, and in the corresponding plasma 
blanks. A mean rise of 0-39 pg. per roller-tube (standard deviation 
= db 0*045, standard error = ± 0*016) was found with this concentration 
of extract, in spite of the wide range of (corrected) initial values 
(0-S6-L53 fig. N.P.jP.) in the series. 

The pancreatin preparations were thermostable. Aqueous solutions 
were therefore sterilised by heating for 10 minutes at 100° and treated 
with an equal volume of sterile double-strength Tyrode solution before 
being added to the cultures. 

The factors can be prepared from fresh ox pancreas, but a more 
convenient starting material is commercial pancreatin. Crude solutions 
were prepared at first by a method similar to that used by Dubos and 
Thompson [1938] for the preparation of crude ribonuclease, by extracting 
commercial pancreatin with 50 per cent, acetone and increasing the 
concentration of acetone in the extract to 67 per cent. The oify 
precipitate was dissolved in water, extracted with ether, and heated to 
100° for 10 minutes. The precipitate which appeared was centrifuged 
down and* discarded. The supernatant fluid was dialysed in cellophane 
sacs, sterilised by heat and treated with an equal volume of double- 
strength Tyrode solution. 

Later it was found more convenient to incubate commercial pan- 
creatin overnight with water, filter the mixture, heat the filtrate to 
100° for 10 minutes, cool, discard the precipitate and treat the super- 
natant fluid with 6 vols. ethanol. The sticky precipitate which fell 
out was washed with ethanol, then ether, and dried. Portions were 
dissolved in glass -distilled water as required, sterilised by heat, and 
treated with an equal volume of double-strength Tyrode solution. 

Results. 

1. Appearance of Cultures . — The appearance of cultures grown in 
embryo-extract in the presence and absence of the material from 
pancreatin is shown in Plate I (A and B). As the curvature of the 
roller -tubes renders accurate photography difficult, the tube, filled with 
formol-saline fixative, was immersed in a trough of water with a glass 
bottom and photographed through a low-power microscope. The 
control cultures grown in embryo -extract alone present the normal 
appearance of proliferating fibroblasts, and a fine halo of new growth 
surrounds the remnant of the original explant. Cultures grown in 
embryo-extract to winch the test material had been added show abundant 
growth of quite a different type. They are rather smaller in area, and 
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of a dense compact appearance with a sharply demarcated edge. At 
first sight they present the appearance often associated with degenerating 
cultures containing fat globules, but microscopic examination of the 
cells shows that no signs of degeneration are present. 

Sections of the cultures were also made after fixation in formol-saline 
and embedding by the method described by Parker [1938]. The 
presence of the pancreatin factor alters the appearance of the cells 
considerably. As shown in Plate I (C and D) the control cultures (C) 
present the usual network appearance of elongated cells with oval 
nuclei, whereas the cultures grown in the presence of the pancreatin 
preparation (D) consist of well-nourished polyhedral cells with rounded 
nuclei. Mitotic figures are clearly seen. 

2. Nucleoprotein Content of the Cultures . — As in earlier work 
[Davidson and Waymoutk, 1943 a], direct comparisons of the effects of 
two substances on the N.P.P. of the cultures are normally made where 
control and test cultures are grown in the same plasma at the same time. 
In Table I the complete results of three such tests are quoted, while in 
Tables II and III the results are summarised in terms of the alteration 
in N.P.P. during the test period. 


Table I. — Examples of Tissue Oultuhe Tests with N.P.P. Values for Tubes 
WITH AKD WITHOUT TISSUE AT THE BEGINNING (3 HOURS) AND END (48 HOURS) 
of the Test Period. 


Test 

No. 

Tost substance in fluid 
phase in roller 'tube. 

N 

concentra- 

tion 

rag./lOO ml. 

N.P.P. /i g« per roller-tube. 

Morpho- 

logical 

changes. 

Initial. 

Final. 

Change. 

Plasma 

+ 

tissue. 

Plasma 

alone. 

Plasma 

+ 

tissue. 

Plasma 

alone. 

Cl 

Tyro do solution alone 

0 

1-05 

0-26 

1-03 

0-24 

-0-07 





1-20 


1-03 



- 


Embryo -extract + Tyrodo 

30+0 

1-33 

0-41 

1-44 

0*29 

+ 0*39 





1-29 


1*73 




44 

Embryo -extract + Tyrodo 

30+0 

1-63 

0-29 

2*13 

0*30 

+ 0-37 







1*90 





Embryo -extract + crude 

30+16 

1-C6 

0-32 

2*80 

0-28 

+ 0*91 

| 4- -f- 


i pancreatin preparation 




2*27 




82 

I Embryo -extract -fTyrode 

30+0 

1-48 

0-3G 

1*79 

0*32 

+ 0*32 



t 




1*73 


j 



Embryo -extract + phenol 

30+2 

1-25 

0-34 

2*04 

0*33 

1 

+ 0*47 



j soluble fraction (i) 


1-65 


1*92 





1 

i t 




1*77 


I 



\ Embryo -extract + phenol 

30 + 20 

1-54 

0-37 

2*20 

0*30 

+ 0*48 

j- a. 


i soluble fraction (ii) 


1*38 


■SSI 





‘ 




1-51 
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As previously reported, cultures grown in Tyrode solution alone as 
fluid phase during the test period usually show a slight fall in KP.P. 
(e.g. Table I, Test 61). On the other hand, as shown above with 
embryo-extract (containing 30 mg. per cent, total N), an appreciable 
rise in N.P.P. (0*35-0*45 /x g. per roller-tube) occurs (Tables I and II). 
Much greater increases are found when this concentration of embryo- 
extract is supplemented by the pancreatin material (Table I, Test 44; 
Table II). Crude preparations are rich in ribonuclease, but the presence 
of this enzyme alone is not responsible for the effect. It has already been 
shown that crystalline ribonuclease produces little or no effect on the 
growth-promoting properties of embryo juice [Davidson and Waymouth, 
1943 a]. 


Table II. — Effect of Crude Pancreatin Preparations on the N.P.P. of 
Tissue Cultures. Each Figure is derived from several Roller -Tubes. 
Plasma Blanks have been Subtracted. 


Test 

No. 

Test substance. 

Nitrogen 
concentration 
mg./lOO ml. 

1 Test 
period, 
hours. 

Change 

1 in A T .P.P. 
gg. per 
roller- 
tube. 

j Morphological 
changes. 

44 

Embryo -extract + Tyrode 
Embryo -extract + crude 

30 + 0 

48 

+ 0*37 

- 


pancreatin preparation 

30 + 16 

48 

+ 0-91 

+ J* 

45 

Embryo -extract -f Tyrode 
Embryo -extract + crude 

2S+0 

48 

+ 0-41 



pancreatin preparation 
Tyrode + crude pancreatin 

28 + 8 

48 

+ 0-54 

+ + 


preparation 

0+S 

48 


— t 

49 

Embryo-extract + Tj-rode 
Embryo -extract + crude 

32+0 

48 

+ 0*45 

- 


pancreatin preparation 

32 + 15 

4S 

-*-1-28 

4 - 4 - 

51 

Embyo -extract + Tyrode 
Embryo -extract + crude 

20 + 0 

24 

+ 0-36 

- 

i 

pancreatin preparation 

20 + 15 

24 

i 

HU 



Although the factor causing the morphological changes is stable at 
100° in neutral or slightly acid solution, its power to produce the 
characteristic dense appearance in the cultures is destroyed by heating 
at 100° for 30 minutes at pH S-10. The ribonuclease activity of the 
material is completely lost during this treatment. 

3. Purification of the Material . — It has been found that the material 
can be partially purified by extraction from aqueous solution with 
-phenol solution of the phenol extract in ether and extraction of the 
ethereal phenol solution with water. The activity passes back into the 
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aqueous layer. During phenol extraction most of the colour and about 
40 per cent, of the nitrogen and 20 per cent, of the P present in the 
crude extract pass into the phenol layer. The residue does not produce 
the characteristic morphological changes, although it may stimulate 
culture growth to some extent and cause a slight rise in N.P.P. above 
that produced by embryo -extract alone. The purification process is as 
follows : — 

Twenty-five grams of commercial pancreatin are mixed with 120 ml. 
of distilled water and are left overnight in the incubator at 37°. The 
mixture is then heated at 100° for 10 minutes, cooled, and centrifuged. 
The slightly turbid supernatant fluid is treated with 6 volumes of 
ethanol, and the precipitate allowed to settle overnight in the refrigerator. 
It is then centrifuged down, and washed with ethanol and ether. Weight 
500-700 mg. This material is deliquescent and is stored in a desiccator. 
For the next stage 100 mg. are dissolved in 10 ml. water, brought to 
100°, cooled and centrifuged. The precipitate is discarded and the 
supernatant fluid is extracted with three successive 3-gram portions of 
phenol. At each extraction the phenol layer is separated by centri- 
fuging. The phenol extracts are combined and centrifuged at 3000 r.p.rn. 
for 15 minutes. A layer of white material which settles outf on top of 
the phenol is discarded. The clear phenol extract is dissolved in 
* 100 ml. ether and the ethereal phenol solution is then extracted four 
times with small portions of water. The clear yellow aqueous extracts 
are combined (total volume about 15 ml.), and extracted three times 
with small amounts of ether to remove the last traces of phenol. The 
aqueous solution is then heated on the water -bath to remove traces 
of ether and to bring the volume down to about 5 ml. The aqueous 
solution is cooled and centrifuged to remove a small amount of insoluble 
matter. * Six volumes of ethanol are then added v and the mixture 
allowed to stand in the refrigerator for an hour. The precipitate is 
then centrifuged down, washed with ethanol and ether and dried 
in vacuo. The yield is about 10-20 mg. 

4. The Effect of the Phenol Soluble Fraction ( P.S.F .) on the Growth of 
the Cultures.— The addition of the P.S.F. to embryo -extract in the tissue 
culture medium caused, as with the crude material, a greater increase 
in N.P.P. than the same concentration of embrya-extract alone (Table I, 
Test S2; Table II, Tests 77, 102, 103, 104). Low concentrations of the 
material, although able to cause the changes in the morphologv of the 
cultures, did not appreciably increase the power of a high concentration 
of embryo -extract (N = 30) 1 to raise the N.P.P. An experiment with 
dilute embryo- extract (N = 3*6) and varying concentrations of the 
P.S.F. suggested that the effects of the extract and of the factor on 
the N.P.P. are really independent and additive. Embryo -extract alone 
at tliis dilution (N — 3*6), although it gives rise to marked migrational 
X concentration in mg./ 100 ml. of the fluid phase added to the cultures. 
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outgrowth, does not significantly increase the N.P.P. of the cultures, 
hut with the addition of a high concentration of the P.S.F. (N=100), 
the rise of N.P.P. in the 48-hour growth period was 0-65 ^g., or more 
than 50 per cent, of the initial N.P.P. (1*32 fig.). The effect of increasing 
concentrations of the P.S.F. in the presence of embryo-extract of 
N = 3-6 is shown in fig. 1 (Test 103). 

The results of tests with a series of concentrations of the P.S.F., 
without embryo-extract, confirmed the capacity of this fraction alone 
to cause a rise in N.P.P., and showed that the magnitude of the effect 
is dependent on the amount of fraction present. With one sample at 
N = 150, an increase in N.P.P. equal to about 100 per cent, of the initial 



Log concentration of P.S.F. in mg. N per 100 ml. in 
medium added to roller-tubes. 

Fip. 1. — Effect of varying concentrations of P.S.F. with dilute embryo -extract 
(N = 3*6) on the N.P.P. of cultures in a single experiment. 


value was obtained in 48 hours. Lower concentrations produced 
proportionately smaller increases (figs. 2 and 3). 

The characteristic alterations in the morphology of the cultures, 
observed -with the P.S.F. and embryo-extract, were also found with 
the P.S.F. alone (Plate I, E and F). It appears that neither these 
morphological changes nor the effect on the N.P.P. require the presence 
of embryo -extract. Cells damaged during the preparation of the heart 
explants will release into the medium disintegration products which 
constitute in effect an embryo -extract, but these are not likely to be 
present, after the preliminary two-day period of washing in Tyrode 
solution alone, in sufficient amount to play any part in these effects. If 
traces of such cell products are in fact essential to the activities observed, 
their presence could not be entirely eliminated under the experimental 
conditions, for proliferating tissue cultures are bound to contain some 
disintegrating cells, continually releasing such products in small amounts. 

It was observed that at the end of the 3 hours usually allowed for * 
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the attainment of equilibrium (“time O'”), the N.P.I*. with high con- 
centrations of the P.S.P. was greater than that with Tyrode solution 
alone. Small differences of this land are found with embryo-extract 



Concentration of P.S.F. in mg* N per 100 ml. in 
medium added to roller- tubes. 


ViKy. 2, — Effect of varying concentrations of P.S.F. ("without embryo -extract) on 
the N.P.P, of cultures in several experiments. 



Fio. 3. — Effect of varying concentrations of P.S.F. (without embryo -extract ) 
on tho N.P.P. of cultures in several experiments. 


and other nucleoprotein-containing media, owing to adsorption on the 
plasma coagulum, and correction is made for them by the determination 
of N.P JP. in the “plasma blanks.” Since a control experiment showed 
that no corresponding rise occurred in tubes containing plasma and the 
P.S.F. but no tissue, the increase in N.PJP. detected in 3 hours, and 
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clearly demonstrated in 6 hours, must therefore he due to an actual 
increase in nucleic acid in the tissue. This increase very probably 
precedes cell division and is in agreement with the observation of 
WiUmer [1942 6] that with strong concentrations of embryo-juice 
“there is a considerable rise (in N.P.P.) during the first 3 hours, so that 
tlie nucleoprotein increase anticipates the onset of nuclear division by 
some hours and more closety parallels in time the general increase in 
cellular activity.” The altered appearance of the cultures is also 
produced at an early stage, and can be detected at 6 hours. 



Fig. 4. — Effect of P.S.F. (without embryo-extract) on the N.P.P. of cultures 
at varying times in several experiments. The medium added to the roller-tubes 
contained the P.S.F. at a concentration of 50 mg. 2s per 100 ml. 


v The results of N.P.P. determinations after the application of the 
P.S.F. at a concentration of N = 50 for varying lengths of time are shown 
in fig. 4. The points plotted are derived from several experiments and 
relate to three different batches of material. Although there is a wide 
variation in the individual values, it is clear that a progressive rise in 
N.P.P. occurs. The time intervals selected are too great to detect 
whether the rise is in fact a continuous one or whether there is a step-wise 
increase, associated with the cycles of mitosis. 

The variation of N.P.P. with concentration of P.S.F. is shown in 
figrg. 2 and 3. Especially with high concentrations the rise in N.P.P. in 
4s" hours is considerably greater than that produced by the same 
concentration in 24 hours. The initial N.P.P. may even he doubled. 
Such an increase is as great as can be obtained in the same time with a 
very potent preparation of embryo-juice, but still greater increases can 
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"be obtained when both embryo -juice and P .S.F. are present ( c.g . Test 123, 
Table III). 

Although the P.S.F. can produce a sharp rise in N.P.P. in a short 
time, it does not appear to be able to maintain the growth of cultures 
over long periods in the same way as does embryo-juice. We have 
not , attempted to maintain a strain of fibroblasts through several 
passages with the aid of the material. Roller -tube cultures in which 
the P.S.F. was renewed daily for 5 days showed a lower N.P.P. content 
than did cultures grown for only 48 hours without renewal (Table III, 
Test 116), 

The power of the purified material, as well as that of the crude 
preparations, to produce the changes in the morphology of the cultures 
is destroyed by heating at 100° for 30 minutes at pH 8-10. The same 
result is obtained with material autoclaved for 20 minutes at 132°. 
Such material is still able in the absence of embryo -extract to produce 
a very appreciable rise in N.P.P., only slightly less than that produced 
by the untreated purified factor (Table III). The addition of crystalline 
ribonuclease does not restore the ability of the treated material to’ 
produce the dense type of culture (Table III, Test 119). 

5. The Chemical Nature of the Phenol Soluble Fraction. — The partially 
purified material is a light brown non-deliquescent powder freely 
soluble in water, acids, and alkalies. The aqueous solution is slightly 
acid in reaction and shows a blue fluorescence by ultra-violet light. It 
gives positive biuret and ninhydrin tests. Trichloracetic acid produces 
a slight turbidity, and tungstic and phosphotungstic acids heavy 
precipitates. The material gives faint precipitates with lead and 
mercury salts, and heavy precipitates with picric and flavianic acids. 
Tests for sulphur, pentoses, and desoxypentoses (diphenylamme test) 
are positive. A trace of ribonuclease activity is still present. The 
material responsible for the dense type of growth dialyses very slowly 
through cellophane membranes and is partially precipitated by am- 
monium sulphate at 0*8 saturation. It is adsorbed readily by alumina, 
charcoal, kaolin, and Fuller’s earth, but poorly by Decalso. 

Several samples of commercial pancreatin from different sources 
have been used as starting material. Even with the same sample the 
purification process did not give a product of constant composition. 
Different batches of purified material contain 8*3-13*6 per cent. N and 
1-6-2-7 per cent, P. In one sample, 13 per cent, of the total N was in 
the form of amino N as determined by the gasometric method of Van 
Slyke [1929]. After hydrolysis in 5N HC1 at 100° for 24 hours the amino 
N rose to 60 per cent, of the total N, and hydrolysis for a further 24 hours 
caused no further increase. About 20 per cent, of the P is liberated at 
pH. S-4 in inorganic form by the action of snake venom containing an 
active 5-nucleotidase [Gulland and Jackson, 1938]. Estimation of 
total purine 35 by the method of Graff and Maculla [1935] showed that 
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Table III. — Effect of various Preparations on the N.P.P. of Tissue Cultures. 
Each Figure is derived from several Roller-Tubes. Plasjia Blanks 
not Subtracted. 






1 

Change 

! 

Test 

No. 

Test substance. 


Nitrogen 

concentrator 

Test 
i, period 

in N.P.P 
/ig. per 

Morphological 

changes. 



mg./ 100 ml. 

hours 

roller 





mm 


77 

Embryo -extract (E.E.) + Tyrode 

20 4-0 

48 

4- 0*2o 



E.E. 4- phenol soluble 

fraction 






(P.S.F.) 

• 

20 + 10 

48 

+ 0-40 

4- 4 

102 

E.E.+P.S.F. . 


. 304-44 

48 

4-0*77 

4* 4- 


E.E. + P.S.F. . 


30 4-10 

48 

+ 0-60 

4- 4 


E.E.+P.S.F. . 


30 4-2 

48 

4-0*51 

4 4 


E.E. + P.S.F. . 


30 4-0*0 

48 

+ 0-4S 

4 


E.E. + P.S.F. . 


30 4-0*1* 

48 

+ 0-42 

(+) 


E.E. -f Tvrodo. 


30 4-0 

48 

+ 0*42 


103 

E.E.+P.S.F. . 


3-6+100 

48 

4-0*65 

4 4 


E.E.+P.S.F. . 


3-6 +50 

48 

4-0*42 

4 4 


E.E.+P.S.F. . 


3*6 4-10 

48 

+ 0-33 

4 


E.E. +P.S.F. . 


3*6 4-5 

4S 

4-0*13 

4 


E.E.+P.S.F. . 


3*6 4- 0*5 

4S 

-0*02 

(+) 


E.E. 4- Tyrode. 


3*6 4-0 

48 

-0*05 

“ 

101 

Tyrode 4- P.S.F. 


0 4-50 

48 

4-0*54 

- 


E.E. +P.S.F. . 


2*5 4-50 

48 

+ 0-50 

4 


E.E.+P.S.F. . 


10 4-50 

48 

4-0*76 

4 


E.E.+P.S.F. . 


25+50 

48 

+ 0*98 

4 4 

123 

E.E. 4-P.S.F. . 


50 4-50 

48 

+ 1*09 

4 4 

115 

P.S.F. . 


! 50 

48 

4-0*87 

4 


P.S.F. (autoclaved) . 


50 

48 

4-0*90 

— 

116 

P.S.F. . 


100 

48 

4-1*02 

4 4 


P.S.F. . 


100 

120 

4*0*59 



P.S.F. (autoclaved) . 


100 

48 

4-0*85 

| 4 

117 

P.S.F. . 


25 

48 

4-0*19 

j 4 4 


P.S.F. (autoclaved) . 


25 

4S 

4-0*08 

— 

119 

P.S.F. . 

* 

67 

48 

4-0*76 

4 4 


P.S.F. (autoclaved) . 

• • / 

67 

48 

4-0*61 

- 


P.S.F. (autoclaved) 4- crystalline I 


4S 

4-0*56 



ribonuclease 


67 

“ 

ns 

“Padutin” 


50 

48 

4-0*95 

- 

“Padutin” . 

- 

100 

48 

4-0*32 

**' 

120 

“ Pad u tin” 


25 

48 

+ 0*60 

- 

“Padutin ” - 

* 

75 

48 

4- 0*56 


121 

“Examen” 


■■1 

48 

4-0*11 

- 

“Examen” 


14 

48 

4-0*42 

- 


peptone. 

Peptone. 

Yeast extract . 

• 

wm 

48 

48 

48 

4- F27 
4-0*86 
4-0-56 

- 

122 

Boiled kidney extract 

• 

i 

25 

48 

4-0*56 

- 

125 

Boiled kidney extract 

* 

25 

48 

4-0*97 j 
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10-4 per cent, of the total N was present as purine N. Analysis by the 
method of Kerr [1940] revealed that almost the whole of the purine N 
was present in the form of nucleotide, nucleoside, and free purine, 
mostly as nucleotide. 

The phosphorus was resistant to alkaline hydrolysis. No inorganic 
P was split off after incubation with 0-25 N NaOH at 37° in the course 
of 96 hours. 

6. The Effect of other Substances on the Cultures . — A large number 
of known substances has been tested to see whether they were capable of 
producing the morphological changes in the cultures. They included 
crystalline insulin, Witte’s peptone, sulphur-containing compounds 
such as glutathione, thiourea, and thiohydantoin, histamine, ribonucleic 
acid prepared from pancreas [Jorpes, 1934], from liver [Davidson and 
Waymouth,- unpublished], and from yeast, all four mononucleotides of 
yeast nucleic acid [prepared according to Steudel and Peiser, 1922, and 
Jones and Perldns, 1924], pyrimidine desoxyribosides [Levene and 
Bass, 1931], adenosine, guanosine, yeast adenylic acid, muscle adenylic 
acid, the amino acid mixture described by Fischer [1941a], and phos- 
phoprotein prepared from casein [Levene and. Hill, 1933]. None of 
them produced an effect similar to that associated with the panoreatin 
factor. 

Some of the properties of the P.S.F. bear a resemblance to those of 
the anti-aneemic principle of liver as described by Karrer [1941], Erdos 
[1942], and Subbarow [1942], but a specimen of liver extract (Examen) 
produced none of the characteristic cellular changes although it brought 
about a small rise in N.P.P. (Table III, Test 121). Boiled ox-kidney 
extract prepared by the method of Fischer and Astrup [1942] caused 
both cell migration and a rise in N.P.P. without, however, producing 
the characteristic dense appearance (Table III, Tests 122, 125). A 
similar effect was produced by a preparation of the material obtained 
by the irradiation of living yeast cells [Davidson, 1940], and by com- 
mercial peptone (Table III, Test 121). 

The vasodilator substance kallikrein [Dale, 1933] differs from our 
material in being thermolabile, but as it is also derived mainly from the 
pancreas [Frey, Kraut, and Schultz, 1930; Frey, 1932] it was thought 
advisable to examine its effects on the tissue cultures. A commercial 
preparation of kallikrein from pancreas (Padutin, Bayer) sterilised by 
heating for 10 minutes at 100° was tested out on the cultures at varying 
nitrogen concentrations and was found to bring about a very marked 
rise in N.P.P. (Table III, Tests 118, 120). It did not, however, appear 
to contain the thermostable material responsible for the morphological 
changes. 

Crude preparations of ribonuclease made from panoreatin would 
also contain the enzyme lecithinase A which hydrolyses lecithin to 
lysolecithin [Delezenne and Fourneau, 1914], and which, like ribo- 
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nuclease, is remarkably stable to beat in sbghtly acid solution [Hughes, 
1935; Groncli^ 1936]. A preparation of lecitliinase A made from 
pancreatin by the method of Gronchi [1936] was able to bring about the 
morphological changes in the cultures. As such a preparation is far 
from pure, the effect of Iecithinase from another source, snake venom, 
was investigated. Hughes [1 935] has shown that Iecithinase from snake 
venom will survive prolonged boiling at pH 5-9 ,n although in slightly 
alkaline solution it is easily destroyed by heat. A sample of Bussell's 
viper venom was dissolved in water and sterilised by heating at 100° 
for 10 minutes. A large amount of denatured protein which appeared 
during the heating was centrifuged down and discarded. The 
supernatant fluid was tested at several dilutions (7*5, 0*75, and 
0*075 mg. N/100 ml.) in the presence of embryo-extract and found to 
produce the characteristic morphological picture even at the highest 
dilution. 


Discussiok. 

In considering the effects produced by the pancreatin factor or 
factors it is important to remember Williams’s [1941] warning to 
distinguish <f between an extract which contains some biologically 
active principle and a preparation which contains a single biologically 
active substance/' Our material obviously falls into the former 
category. 

Kazal, Westfall, Ciereszko, Risley, and Arnow [1942] have recently 
described a material prepared from pancreas which White and Sayers 
[1942] have shown to exert a powerful growth-promoting effect when 
fed to 3 r oung rats. This material, prepared by extracting frozen beef 
pancreas with acid-alcohol and then acetone and pulverising the residue, 
is of course very crude in comparison with our preparation but would 
probably nevertheless contain the same factors. Daily intraperitoneal 
injection of 8 mg. of our material into weanling rats over a period of 
several weeks caused no difference in growth rate as compared with 
controls. 

The solubility of the active material in phenol gives hut little clue 
to its composition since some proteins and their derivatives and also 
nucleotides are soluble in this reagent. Phenol has been used as a 
solvent in the purification of antigens [Palmer and Gerlough, 1940; 
Morgan and Partridge, 1941], of anterior pituitary hormones [Freud, 
Laqueur, and Miihlbock, 1939], of the anti-anaemic principle of liver 
[Karrer, 1941], and of nucleotides [Warburg and Christian, 1938; 
Emmerie, 1938]. 

The properties of the purified material suggest the presence of protein 
and nucleic acid disintegration products which may he responsible, as 
nutrients for the nucleoprotein synthesis. Similar large increases in 
JtfF.P* have been found with protein breakdown products such as 
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peptones (Table III) and tlie pkosphopeptone of casein. The growth- 
promoting action of protein disintegration products has been knowi 
for some time [Carrel and Baker, 1926; Willmer and Kendal, 1932 
and has been emphasised by the recent work of Fischer [1941 a and b 
1942]. The “X-substance 55 which Willmer and Kendal [1932] foum 
to stimulate tissue cultures is also apparently a protein disintegrate 
product, but differs from our substance in being insoluble in pure watei 
Although these heat-stable substances do produce stimulation c 
growth, their action is to amplify the effect of embryo -extract rathe 
than to produce the dense type of culture with exceptionally kig 
nucleoprotein content characteristic of the action of the pancreati 
material. The growth-promoting action of proteoses, peptones, an 
polypeptides in combination with nucleotides is envisaged by Xeedhai 
[1942], who suggests “ 6 that a substance of nucleotide structure migl 
act either as a carrier for the requisite peptone ‘bundle’ ... or eh 
possibly as a ‘bricklaying 5 mechanism at the site of protein synthesis. 
The action in the present instance is, however, not merely a quantitatb 
increase in nucleoprotein synthesis during the normal process of growtl 
The qualitative change in the morphological character of the cel 
must also be taken into account. That the material exerts its effe< 
by the action of at least two components is suggested by some of tl 
experimental evidence. After autoclaving, for instance, the materi 
still retains most of its power to cause nucleoprotein synthesis, althouj 
it can no longer produce the dense type of culture. Again the den 
appearance of the cultures is very marked in concentrations of fact 
which are too low to produce any detectable change in N.P.P. Tl 
suggests an enzymatic effect. Trypsin, which may stimulate t: 
growth of adult tissue in vitro [Simms and Stillman, 1937], would appe 
to be connected only indirectly, if at all, with the factor since it woo 
scarcely survive the purification process. Commercial pancreatin is 
course rich in trypsin, which may no doubt play a part in producing t 
protein disintegration products which compose the crude material, b 
the active agent (or agents) is obviously resistant to tryptic digestic 
as, for example, 'are the pkosphopeptones [Lowndes, Macara, a: 
Plimmer, 1941; Rimington, 1941; Posternak and Pollaczec, 1941], 

It is possible that one effect of the P.S.F. is not directly on the ce 
of the culture but on the plasma clot. Such an action would presumal 
be enzymatic in nature, although the purification process is sufficieni 
drastic to destroy all but the most resistant of enzymes. Ribonucle? 
activity is still evident in the P.S.F. , but as far as can be ascertain 
ribonuclease, which is a remarkably heat-resistant enzyme, appears 
have little connection with the activity. It is, however, destroyed 
heating in alkaline solution. 

The enzyme leeitkinase A possesses a resistance to heat similar 
that of ribonuclease. The activity of preparations of lecithinase fr< 
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nuclease, is remarkably stable to beat in slightly acid solution [Hughes, 
1935; Gronchi, 1936]. A preparation of leeitliinase A made from 
pancreatin by the method of Gronchi [1936] was able to bring about the 
morphological changes in the cultures. As such a preparation is far 
from pure, the effect of lecithinase from another source, snake venom, 
was investigated. Hughes [1935] has shown that lecithinase from snake 
venom will survive prolonged boiling at pH 5-9,, although in slightly 
alkaline solution it is easily destroyed by heat. A sample of Russell’s 
viper venom was dissolved in water and sterilised by heating at 100° 
for 10 minutes. A large amount of denatured protein which appeared 
during the heating was centrifuged down and discarded. The 
supernatant fluid was tested at several dilutions (7-5, 0-75, and 
0-075 mg. N/100 ml.) in the presence of embrym-estract and found to 
produce the characteristic morphological picture even at the highest 
dilution. 


Discussion - . 

> 

In considering the effects produced by the pancreatin factor or 
factors it is important to remember Williams’s [1941] warning to 
distinguish “ between an extract which contains some biologically 
active principle and a preparation which contains a single biologically 
active substance,” Our material obviously falls into the former 
category. 

Kazalj Westfall, Ciereszko, Risley, and Arnow [1942] have recently 
described a material prepared from pancreas which White and Sayers 
[1942] have shown to exert a powerful growth -promoting effect when 
fed to young rats. This material, prepared by extracting frozen beef 
pancreas with acid-alcohol and then acetone and pulverising the residue, 
is of course very crude in comparison with our preparation but would 
probably nevertheless contain the same factors. Daily intraperitoneal 
injection of 8 mg. of our material into weanling rats over a period of 
several weeks caused no difference in growth rate as compared with 
controls. 

The solubility of the active material in phenol gives but little clue 
to its composition since some proteins and their derivatives and also 
nucleotides are soluble in this reagent. Phenol has been used as a 
solvent in the purification of antigens [Palmer and Gerlough, 1940; 
Morgan and Partridge, 2941], of anterior pituitary hormones [Preud, 
Laqueur, and Muhlbock, 1939], of the anti-anagmic principle of liver 
[Karrer, 1941], and of nucleotides [Warburg and Christian, 1938; 
Emruerie, 1938]. 

The properties of the purified material suggest the presence of protein 
and nucleic acid disintegration products which may be responsible, as 
nutrients, for the nucleoprotein synthesis. Similar large increases in 
pfPP ^ave been found with protein breakdown products such as 
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two different sources — -pancreatin and snake venom — in producing 
the morphological changes described suggests that this enzyme may be 
one of the most active factors in the pancreatin fraction. The presence 
of other factors in the crude lecithinase preparations cannot, however, 
yet be excluded. 

Stoimaky. 

Material has been prepared from pancreatin which influences tie * 
growth of fresh explants of the 9 -day chick embryo heart in roller-tubes. 
Cultures grown in a mixture of tins material and embryo-extract show 
a much higher nucleoprotein phosphorus (N.P.P.) content than do 
control cultures grown in embryo -extract alone. They also have a 
characteristic dense compact appearance and are composed of well- 
nourished polyhedral cells with numerous mitotic figures. 

A method for the partial purification of the factor (or factors) 
responsible for these phenomena is described. It appears that at 
least two components are involved, one of which is responsible for the 
characteristic morphological changes in the cells, while the other can 
produce even in the absence of embryo-juice a very marked rise in 
N.P.P. , as great as that produced under similar conditions by a very 
concentrated extract of embryonic tissue. Such nucleoprotein synthesis 
appears to be a necessary preliminary to cell division in cultures stimu- 
lated b}^ the factor. This would be in accordance with the views of 
Willmer [1942 6, 1943]. 

Some chemical properties of the purified material are described. 

It appears to consist mainly of polypeptides and nucleotide derivatives. 
Crude preparations of lecithinase A from pancreatin and snake venom 
produce the morphological changes described, and this enzyme may be 
one of the active components. 
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A. Culture grown m embrvo extract alone for test period of 48 hours x 10 8. 

B Culture grown in embryo extract + crude material from pancreatm for test 
period of 48 hours. x 10 8. 

C Section of culture grown in embryo -extract alone for test period of 24 hours 
x 224 

D. Section of culture grown in embryo-extract + crude material from pancreatm 

for test period of 24 hours x 224 

E. Section of culture grown m Tyrode solution nlone for test period of 24 hours. 

x 224 

F. Section of culture grown in Tyrode solution + phenol soluble fraction 

(X =25 mg. per 100 ml.) for test period of 24 hours. x 224. 



jtfjM CHOLINE ESTERASE IN BARBITURATE ADDIC- 
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was previously reported that prolonged administration of bar- 
urates was followed by a pronounced decrease of serum-choline- 
erase activity in man [Schiitz, 1941 and 1943 a ]. It was shown 
it this was due to an actual decrease in the amount of enzyme present 
her than to the action of an inhibitor. The simplest explanation 
account for this fact seemed to be that under the influence of the 
rcotic the activity of the cholinergic system is reduced and that 
srefore less choline esterase is needed, which consequently slowly 
creases. 

Since the "barbiturates are known to be effective in reducing the 
unber of epileptic seizures, but cause, after sudden withdrawal, violent 
istinence symptoms with greatly increased frequency of fits, a closer 
udy of the choline esterase in epileptics during administration and after 
Lthdrawal of the drug was the subject of the experiments described 
slow. 

The increase in the number of seizures after drug withdrawal, far 
love the level characteristic for the particular case when under no 
eatment, was thought to represent a rare occasion where abstinence 
unptoms could be followed quantitatively. The peak in the number 
i seizures soon after the drug is withheld may indeed be compared 
itli the great demand for the drug in cases of drug addiction. The 
amber of seizures, however, is a conveniently more measurable quantit} 7 
lan the expressed desire for the drug in the latter case. ^In the present 
Lvestigation the choline esterase was therefore determined on the 
xme patients at frequent intervals before and during administration, 
nd after withdrawal of the drug. The number and kind of seizures 
■*as recorded as well as the mental condition during that time. 


Method. 


Through the kindness of Dr. J. J. O’Reilly, Medical Superintendent 
>f the Birmingham Chy Mental Hospital, certain cases of epilepsy 
mder his care were chosen by him and tentatively taken off the bar- 
fit urate treatment. Since the sudden withdrawal of the drug is known 
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to increase the number of seizures considerably, only a comparatively 
small number of such cases could be found with which such an experi- 
ment could be ventured. Moreover, not all of the cases could be kept 
off the treatment for any length of time, since in some of them the 
abstinence symptoms became alarming, and treatment had to be 
restarted immediately. It was, however, possible to establish even 
in these cases both the choline esterase and the number of seizures 
during an abstinence period. In other cases the withdrawal of the 
drug was, though followed by an increase of seizures, more easily 
tolerated, and these cases could therefore be studied for a longer period 
after withdrawal (4-6 weeks), and thereafter again under the influence 
of the drug. 

Blood was taken from the arm vein in the morning before breakfast. 
The syringes and needles were cleaned and boiled and used as dry as 
possible to avoid haemolysis. Germicidal fluids, in which syringes 
and needles are often kept, were not used, since they contain potent 
inhibitors of choline esterase. One to two hours after the blood was 
taken, the clot was detached and the serum separated in the usual way 
after centrifuging. The activity of the sera was usually determined 
on the same day; sometimes this was postponed to the following day, 
the serum being kept in the refrigerator (2-4°). This delay was found 
not to influence the activity to any appreciable extent. The choline 
esterase activity of the sera was determined by a continuous titration 
method [Hall and Lucas, 1937] and expressed, as described previously 
[Schiitz, 1943 a], by the number representing the initial slope of the 
titration curve [(vol. of 0-01 N JQaOH in ml. /ruin.) x 10], when 25 mg. 
acetylcholine chloride B.D.H. was acted upon by 0-5 ml. serum at 
pH 8-0 and 37° C. 

Results. 

It was found that the relationship between the number of seizures 
and the level of the choline esterase could best be made visible by 
plotting both against time (see figures). The absolute scales of the 
ordinate (choline esterase and seizures/day) are, of course, different 
according to the individual levels found in different cases. In some 
cases the mental behaviour of the patients changed, so that a marked 
psychosis of short duration developed during the abstinence period 
and this is denoted in the figures by a line parallel to the abscissa. 

All cases were diagnosed as suffering from crj^itogenic (idiopathic) 
epilepsy. Most of them received twice daily a dose of 195 mg. of 
phenyl-methyl barbituric acid (methophenobarbital), if not otherwise 
mentioned. Some of them received one such dose in the morning and 
, uble this dose in the evening. Some of the patients had been treated 
vdth methyl-ethyl-phenyl barbituric acid (phemitone) about a year 

earlier. 
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The well-known effect of the withdrawal of the drug, which consists 
mainly in an increase in the number of seizures, far above the frequency 
the particular case ever had previous to treatment, was clearly seen 
in all cases. In the case of W.P. (fig. 1) the peak of the number of 
seizures follows fairly soon after the withdrawal of the drug. The 
dotted line represents a tentative interpolation drawn to make the 
peak of the seizures more clearly visible. After withdrawal of the 



Days after drug withdrawal. 


Fig. 1.— 'At tho time of the peak of seizures after the withdrawal of the bar- 
biturate the serum choline esterase had only recovered from approximately 
40 to 45 per cent, of its filial level. When, the seizures were maximal tho narcotic 
action of tho drug had apparently worn off, whereas the choline esterase was 
still at the low level to which it had fallen during the treatment, and had only 
started its recovery. When 100 per cent, recovered there was no excess numbfer 
of seizures, nor any other abstinence symptom. 

drug the choline esterase activity rises slowty, but, as can be seen 
from figs. 1 and 2, it is still at a very low level at the time of the peak 
frequency of seizures. Later, while the seizures become less frequent 
again, the choline esterase rises more, until it reaches a level which is 
characteristic for the particular individual when without treatment; 
it should be noted that it reaches this highest level at very much the 
same time as the abstinence symptoms disappear again, i.e. when the 
frequency of seizures reaches a level which is constant and may be 
regarded as characteristic for the particular individual when under no 
treatment. After remaining 4-6 weeks without treatment, when both 
number of seizures and the choline esterase had reached a fairly constant 
level, treatment was started again. This caused an almost immediate 
fall, in the number, of seizures, whereas the choline esterase* though 
falling, reacted again much more slowly than the seizures. Three weeks 
after treatment had been restarted the choline esterase reached its 
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former low level. The choline esterase was still almost at its former 
high level at the same time as the fits had already fallen to what proved 
to be the lowest frequency-level which could be reached in this case. 
Another case, shown in fig. 2, exhibited major as well as petit mal 
seizures. Here the abstinence symptoms developed later than in the 
preceding case, but again the choline esterase was still found at a 



PiG. 2 . — At tlie time of the peak of the withdrawal psychosis (thick line on 
abscissa) the serum choline-esterase had recovered from 35 to 55 per cent, circa; 
at the time of the peak of major seizures to 60 per cent,, and to approximately 
73 per cent, when the petit mal seizures were maximal. When 100 per cent, 
recovered there was no excess number of seizures, nor any other abstinence 

symptom. 

relatively low level when the seizures had already reached their peak 
frequency. 

If the level of the choline esterase, which was finally reached some 
weeks after the withdrawal of the drug, is taken as 100 per cent., 
prolonged treatment had reduced it previously to approximately 10 
per cent, in the case of W. P. (fig. 1) and to 30 per cent, in the case of 
J. H. A. (fig. 2). At the time of the peak frequency of seizures it had 
only recovered from .40 to 44 per cent, in the first, and from 30 to CO 
per" cent, in the latter case. Two other cases gave results very similar 
to those just described. Both were men (25 and 2S years) and one 
exhibited grand mals only, the other.grand and petit mals. When 
the seizures were at peak frequency during the abstinence period the 
choline esterase had only recovered from 28 to 38 per cent, in the first 

d from 45 to 58 per cent, in the second case. The estimation of the 
ana * - - * 1 ' * lard 

and 


percentage reduction ot choline esterase was maue uy means oi a snu 
deviously constructed, which related enzyme activity 
Entity of unpurified human serum [Schiitz, 1043 a]. 
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In three further cases the abstinence symptoms developed so gravely 
that treatment had soon to be restarted. r It is therefore impossible 
to state whether the “peak frequency” of seizures had actually been 
reached. In view of the other cases, however, it may be inferred that, 
since the number of seizures in these three cases was very high, the 
peak frequency could not well have been very much more than what 
was evident during the last day of abstinence. Similarly, the value 
of choline esterase for these patients, when under no treatment for at 
least three weeks, is also unknown. No absolute numbers are therefore 
available to show that the choline esterase had not recovered coni' 
pletely at the time of the peak frequency of seizures, as it was given 
for the first four cases. In the case of Miss E. L. ft. (age 33 years) 
seizures rose to 8 on one day, eight days after withdrawal. Treat- 
ment was then restarted. During the earlier period of treatment she 
had an average of 2 seizures per month. When the 8 seizures 
appeared on one day the choline esterase of the blood taken in the 
morning was at practically the same low level as during the treatment. 
Evidently recovery of the enzyme had not started then. In the case 
of Mr. J. B. (age 32 years) seizures rose from an average of 10 per month 
during treatment, to 4, 5, 4, and 12 per day on the first, second, third, 
and fourth day respectively after withdrawal. Treatment was re- 
started on the fourth day after withdrawal. The average level of the 
choline esterase during treatment was Just below 1*0. This rose to 
1*2 on the third, and to 1*4 on the fifth day after withdrawal, which 
was actually one day after treatment was restarted. In this case the 
choline esterase had definitely risen above the level it maintained during 
the treatment, but it becomes very probable from the foregoing cases, 
as well as from the absolute values found in epileptics when under no 
treatment (see below), that the value reached during the last day of 
the abstinence period was by no means near to what may reasonably 
be expected to have been a full recovery of the choline esterase in this 
case. 

In the case of C. C. (fig. 3) the number of seizures rose very sharply 
after withdrawal, and an obvious withdrawal psychosis developed. 
The choline esterase did rise soon after the withdrawal, and at a more 
rapid speed in this case than in the other cases. But also here it can 
be said, as for the two foregoing cases, that it seems most unlikely 
that the choline esterase had reached anything near a 100 per cent, 
recovery at the time of the great excess number of seizures. 

In fig. 4 the choline esterase level in four non-epileptics is shown 
after a barbiturate treatment lasting four weeks, and after sudden 
withdrawal of the drug. It can be seen that the speed and extent of 
fall of choline esterase after onset, and its rise after withdrawal of the 
drug, was found to be essentially the same as in epileptics. 
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Days. 

Fig. 3. — In this case the withdrawal symptoms were so intense that the 
barbiturate had to be given again. When the seizures were very frequent, the 
serum choline esterase, though considerably higher than during the treatment, 
had not yet recovered to what was the usual range of level in normals or epileptics. 



-p a Four non-epileptics under the same barbiturate treatment as was 

. . V. ATiilentics. The serum choline esterase was lowered by the prolonged 

freatment nn? rose after irithdrawaltf^he drug at much the same rate a, in 
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Withdrawal Psychosis and Choline Esterase. 

Besides the increasing number of seizures the mental behaviour of 
the patients offered another abstinence symptom. The thick line 
drawn parallel to the abscissa (see figures) denotes what clinicians 
described as “extreme confusion with occasional restlessness and 
noisiness,” the thin line “mild confusion and restlessness.” It can be 
seen that in the cases where such periods appear they coincide roughly 
with the period of the peak of seizures, or actually preceded the maximum 
of seizures a little. 

This psychosis does not seem to be a secondary effect of the in- 
creased epileptic activity, as the more chronic mental changes in 
epileptics probably are. In one case (H. G., male, 38 years) it even 
represented the only sign of abstinence. This case had seizures for 
a few years and even went through a status epilepticus one year ago. 
At the time of the experiment he had had no fits for three months, and 
was under no treatment at all since seven weeks. He was put on 
barbiturate treatment again and no seizures occurred. When he had 
been under tbe treatment for three weeks and the choline esterase 
had fallen to the usual low level, i.e. from approximately 2-5 to 1-3, 
the drug was withdrawn, but even then no seizures occurred. However, 
he became very restless, noisy and extremely confused, and had to be 
confined to bed. The psychosis started three days after the drug was 
withdrawn and lasted one week. It was very similar to the state 
observed in those cases where it appeared together with seizures. 

These mental abstinence symptoms showed a very similar relation- 
ship to the choline esterase as did the number of seizures in the other 
cases. When the confusion was worst the level of choline esterase 
was very low (1*4) compared with that found before treatment, or three 
weeks after withdrawal (2*5). When the withdrawal psychosis had 
disappeared the choline esterase was higher again (1*8) and had recovered 
approximately half-way towards the level which proved to be the 
highest level, and characteristic for the particular patient when under 
no treatment. 


Time Seqt(ence of Abstinence Symptoms. 

Since the mental disturbance, which occurred during the abstinence 
period, lasted usually only a few days, a peak period of this j>sychosis 
was quite evident, similar to the peak periods of the grand and petit 
xnals. There were a few eases in which these three peaks could all be 
recorded in the same individuals, and it was found that they did not 
appear at quite the same time, but showed a somewhat regular time 
sequence. The period of gross mental disturbance appeared first, 
followed by the peak of grand mal seizures, and finally tbe peak of 
the petit mals occurred. The psychosis had already improved 
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considerably 'when the grand mal seizures 'reached their peak number. 
Similarly, the grand mals had decreased, usually to about half their 
maximal frequency, when the petit mals were at their peak. 

Only three cases exhibited all three abstinence symptoms. The 
time interval between the maximum of the mental* disturbance and 
the peak of grand mals was 1-3 days, that between the peaks of grand 
mals and petit mals was even greater still (3-7 days). Also in the 
other cases, which exhibited only two of the three peaks, the time 
sequence, as described above, was always observed. 

Although the number of observations is small, brief mention of this 
observation was thought justifiable, because, if future investigators 
could substantiate it, it might provide an indication of whether different 
degrees of discrepancies between cholinergic activity and the actual 
level of choline esterase are a factor in producing the three different 
symptoms. In the cases mentioned, at any rate, the choline esterase 
was lowest during the withdrawal psychosis ; during the peak of grand 
mal seizures it was higher, but still lower than during the peak period 
of the petit mals, which followed. 


Atypical Case . 

Among the cases studied one appeared atypical in a number of 
respects (fig. 5). An unusually high level of choline esterase was 
found, even when under the barbiturate treatment, and after with- 
drawal of the drug oscillations of the choline esterase were observed, 
not seen in any other cases. In one instance, however, the findings 
are in harmony with those made in the other cases. The choline 
esterase was lower after prolonged treatment, and rose after with- 
drawal of the drug. But the absolute height of choline esterase seems 
quite abnormal. This was, even during treatment, as high as 3*4. 
In more than twenty similar cases under the same prolonged treatment 
the choline esterase value was never higher than 1*2, with an average 
of 0*7 (S.D.M. +0*04). The values found in this case, when under 
treatment, are even higher than the average found in untreated normals 
(2*1 + 0*14 or untreated epileptics (2-4 + 0-23 (n = 13)). When 

the drug was withdrawn the choline esterase did rise also in tins case, 
but its rise was not smooth as in all other cases. It showed uj;> and 
downward moves with two minor peaks, finalty reaching the extra- 
ordinary high level of 4-7. Besides the fact that this was the highest 
value recorded in man in the course of more than 100 observations, 
so sudden a rise and fall of the choline esterase was never observed. 

S ° The occurrence of the abstinence symptoms, and their wearing off 
. re ] a tion to the choline esterase, seems, however, to be in harmony 
- fll l he -principle found in other cases. The symptoms had worn off 
when the^choline esterase reached the highest level. It even seems 
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that the upward rise of the choline esterase was somewhat stopped 

during the peak period of seizures. _ - 

The most unusual aspect of this case, besides the. extraordinary 
high absolute value of choline esterase, was the ease with which the 
abstinence period was overcome. While all other cases were during 
that time, apart from the great epileptic activity, in a rather grave 
state, exhausted, confused, etc., this patient did not show any particular 



Fig. 5. — An atypical base. The level of the serum choline esterase is extra- 
ordinarily high, both during treatment and after withdrawal. Its initial recovery 
after withdrawal is much greater and quicker than in other cases. But, as in the 
other cases, the level of the choline esterase had not recovered completely when 
the seizures were maximal . When recovery was complete there was no excess 
number of seizures. The peak of the major seizures preceded the peak of petit 
mal seizures as in the other cases. 


general change, and also the frequency of seizures decreased a little 
sooner than in the other cases. 

Since a relatively low choline esterase was always found during 
the abstinence symptoms, and the rise of choline esterase was always 
found to go somewhat parallel with the reduction in the frequency of 
seizures, the very high value of choline esterase in this case might have 
something to do with the attenuated withdrawal symptoms. 

No explanation can be advanced, of course, for the very high choline 
esterase levels themselves, as well as for their unusual upwards and 
downwards oscillations. Many factors influencing the level of choline 
esterase are, of course, still unknown, and it must be recognised that 
not all movements of the latter after withdrawal of the drug may be 
attributed to the withdrawal only. 
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Choline Esterase in Epileptics wider no Treatment. 

Since the great majority of epileptics are nowadays under some 
treatment, it was found difficult to obtain a sufficient number of un- 
treated cases in order to establish whether the choline esterase level 
in epileptics is different from that in normals. There were a few cases 
available wliich had been under no treatment for some time, but these 
cases were mild ones and exhibited a low number of seizures only. 
The values found are shown in Table I, where also those cases are 

Table L — Choline Esterase Activitv of Sera from Epileptics under 
no Treatment for at least Three Weeks. 

Activity = (vol. 0*01 N NaOH in ml./min .) x 10. 

25 mg. acetylcholine chloride, 0-5 ml. serum, pH 8*0, 37° C. 


No. 

Choline esterase 
activity. 

1 

2*27 

2 

2-66 

3 

3-06 

4 

4-71 

5 

1-57 

6 

2-37 

7 

1 2+5 

S 

2*41 

9 

2*25 


1*68 


2*35 


1-S2 


1*59 

Average 

S.D.M. 

2*44 

±0*23 


included which were described above, three or more weeks after with- 
drawal of the barbiturate. The period of three weeks was previously 
found to be just sufficient to restore the choline esterase to what ap- 
peared to be the highest level characteristic for the particular patient. 

In 20 observations on normals an average value of 2-07 (S.D.M. = 
+ 0*15) was found. The average value found in epileptics under no 
treatment is a little higher (2*44 + 0*23) (a = 13), but the difference 
can hardly be regarded as significant. The degrees of freedom of 
our experiment being 31, and f = l*4S, the value of P, corresponding 
to these figures, was found in Fisher’s tables (1935) to be 0*2, indicating 
that the probability of the observed difference being due to the error 
of selection is 1 : 5* The difference cannot, therefore, be regarded as 

significant. 
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It should, however, be noted that only mild cases of epilepsy were 
available, since the graver cases are mostly under, treatment. It 
should, furthermore, be noted that the values found in some epileptics 
are much higher than anything obtained from normals, or non-epileptics. 
Since it is recognised that a number of different pathological states 
might still be embraced with the diagnosis of cryptogenic (idiopathic) 
epilepsy, further investigators may, perhaps show whether there exists 
one group of epileptics showing a significantly higher choline esterase 
than others, or normals. 

At present it can be stated that in an unselected group of rather 
mild cases of epilepsy the average value was not significantly higher 
than that of normals, with some individual cases, however, showing 
higher values than any observed hitherto in normals or non-epileptic 
patients. 

Discussion. 

The number of experiments described in this paper is small, and 
the conclusions, therefore, are of a tentative nature. The number of 
experiments could not be enlarged, because of the well-founded re- 
luctance of clinicians to withdraw the drug from epileptics. Another 
point, which should affect the weight attributed to the observations is 
the fact that, owing to the untoward effects of the drug withdrawal, 
no really grave cases of epilepsy have been included in this study. It 
seems not impossible, therefore, that future investigators may find 
at least some of the features described in this paper more pronounced 
in their eases if they succeed in investigating graver cases of epilepsy 
on similar lines. On the other hand, it may be that what appeared 
in the small series described here to be an ** atypical 55 behaviour (in 
one of 9 cases) might prove to be not so uncommon. Certain features 
of our results, however, appeared clearly, and since they are concerned 
with significant changes in the same individuals a conception of the 
underlying mechanism could easily be formed. 

Mechanism of Withdrawal Symptoms . — The observations are sum- 
marised in fig. 6. 

When the drug is given there is a reduction of both frequency of 
seizures and choline esterase (at a, fig. 6). The speed, however, with 
which these phenomena develop is greatly different. The fall in the 
number of seizures takes place almost immediately after treatment is 
started, the seizures reaching their lowest frequency when the choline 
esterase is still quite high. Similarly, after withdrawal of the drug, 
the frequency of the seizures rises much sooner than the choline esterase. 
Invariably the choline esterase was found still low when the frequency 
of seizures had already reached its maximum. At that time the choline 
esterase was either quite as low as during the narcotic treatment, or 
it was raised, but far from having reached what proved to be the 
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characteristic high level for the particular individual when under no 
treatment. 

The reduction of the choline esterase activity of serum in man after 
prolonged treatment with barbiturates has previously been shown to 
be due to a diminution of the amount of enzyme present rather than 
to the action of an inhibitor [Schutz, 1934 a]. It seems justified, 
therefore, to interpret this fall of choline esterase as a counter adapta- 
tion: the activity of the cholinergic system being reduced by the 
narcotic resulting in a diminished output of acetylcholine, reducing 



Fig. 6 , — Relationship between frequency of epileptic seizures and serum 
choline esterase, after prolonged administration and abrupt withdrawal of 
barbiturates; see text. , 


thereby the demand for choline esterase, which, consequently, slowly 
decreases. It seems that the level of the choline esterase may be 
regarded as an indicator of the “ average activity” of the cholinergic 
system, and not dependent on temporary and transient changes of 
this activity. This view is supported by the fact that a large single 
dose of the narcotic is not followed by a fall of choline esterase, because 
it is apparently unable to cause a decrease of the average level of 
activity of the cholinergic system. 

It is suggested that the excess number of seizures at b (fig. 6) is 
due to the fact that the narcotic effect of the drug, which diminishes 
the seizures, wears off more rapidly than the counter adaptation, 
namely, the reduction of the choline esterase. It should be noted that 
when the seizures reach their maximum (at b) the choline esterase is 
still low. The seizures, however, return to their “normal” number 
at about the same time that the choline esterase reaches its former level 

^ On this theory, an optimal effect of the drug (greatest reduction 
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of seizures) should be expected at a , when the direct narcotic effect 
of the drug had. obviously already taken place, but the counter adapta- 
tion (reduction of choline esterase) had not yet developed. An observa- 
tion, frequently made, seems to suggest that this is, indeed, the case. 
In the case of C. C. } e.g an average of 2 r 4 fits per month could be 
recorded for years when the patient was under treatment. When 
treatment was restarted after a period of abstinence, during which the 
choline esterase rose, no seizures occurred at all for the first month. 
In the second month there were 2 fits, and thereafter they occurred 
with 'much the same frequency as during the first period of treatment. 
During the second of these periods (alter treatment was restarted) a 
higher choline esterase was present than during the later stages of the 
first period. This point (drug tolerance) is, however, much less obvious 
than the relationships described for the periods after the withdrawal 
(addiction, b and c, fig. 6). The fact that the first weeks of treatment 
always appeared to cause a slightly greater reduction of seizures than 
later on is shown in fig. 6. 

To summarise the main points, it can be stated that at b there is 
little or no narcotic effect combined with a low choline esterase, whereas 
at c there is equally no narcotic effect but much less seizures, apparently 
owing to the high level of choline esterase which is then prevailing. 
These observations seem to offer a direct explanation for the abstinence 
syndrome in the case of barbiturates. 

The literature on barbiturates has been carefully reviewed by 
Tatum [1939], the theoiles of drug addiction by Tatum and Seevers 
[1931] and recently by Adams [1937]. The explanations put forward 
in general terms to ;account for drug addiction (abstinence syndrome) 
are numerous. Dixon [1930], for example, says “that the explanation 
for . . . withdrawal symptoms is that nerve cells, on reawakening, 
become hyperexcitable.” No conjectures are advanced on how this 
apparent “hyperexcifcability of nerve cells” develops. 

The experiments described above seem to make it unnecessary to 
assume any kyperexeitability of the nerve cells. They suggest, however, 
that a status of hyperexcitation exists not because the cells are more 
excitable, but because of an inadequate amount of choline esterase 
present to deal until a fully active cholinergic system. Indeed, the 
average level of excitability of the nerve cells may well be equal at 

b and c (fig. 6); but less regulated by the choline esterase at b than 
at c. 

This explanation does not exclude, of course, the possibility, and 
indeed probability, that the choline esterase is not the only enzyme 
or enzyme-system deranged by prolonged administration of the drug. 
Ihe choline esterase is, however, the first enzyme which has been 
shown to be related to abstinence symptoms. 

Cholinergic System and Convulsions . — The results described in this 
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paper may also have implications in the theory of epilepsy and con- 
vulsions in general. It may he inferred that one important character- 
istic of the withdrawal status is what might be called a predominantly 
cholinergic status, brought about by the -relative lack of choline esterase. 
The question arises, therefore, if such a status is a precipitating factor 
in epilepsy, since the great excess number of seizures could be observed 
during that period and disappeared when there was reason to believe 
that this hypercholinergic status had also disappeared, because of the 
adjustment of the choline esterase. , 

It could, of course, be argued that any sudden change in the life 
of an epileptic would almost certainly increase the frequenc}^ of seizures, 
and that a sudden withdrawal of a drug, or the status produced thereby, 
has nothing fundamental to do with the production of seizures. This 
argument can be dismissed because of > the fact that convulsions, in- 
distinguishable from major epileptic seizures, occur even in non- 
epileptics after the withdrawal of some drugs (barbiturates, alcohol, 
chloral, paraldehyde). It is well known, e.g., that convulsions may 
occur in cases of delirium tremens after withdrawal of alcohol in chronic 
alcoholics. Recently Kalinowsky [1942] observed convulsions after 
withdrawal of soluble barbitone, which had been regularly given in 
large doses for one or two years. None of these patients’ histories 
or family histories, nor (so far as they were obtained) their electro- 
encephalograms, suggested ejDilepsy, and in no case has there been any 
recurrence of seizures since. Kalinowsky also found withdrawal 
convulsions in non -epileptics with chloral and paraldehyde, but not 
with opium or its derivatives. While chloral and paraldehyde are 
known to be effective in controlling seizures, opium is of little or no 
use in that respect. At any rate these convulsions are only seen after 
withdrawal in chronic drug addiction, they never occur in the acute 
intoxication caused by the same drugs. Kalinowsky does not suggest 
any possible mechanism involved in the production of seizures, but lie 
thinks that perhaps the same mechanisms are responsible for the 
accompanying deliriums observed after alcohol and paraldehyde with- 
drawal. 

Because of these facts the status prevailing during the abstinence 
period may be regarded as of more general importance for the pro- 
duction of seizures and not only a mere precipitating factor. A number 
of other facts seem to he directly explainable from the viewpoint that 
a predominantly cholinergic (hypervagal) status may be intimately 
connected with the production of seizures. 

It has long been known, for example, that a certain group of 
epileptics have many more seizures during the night than during the 
day Although little is known about the physiology of sleep, it is 
generally accepted that the cholinergic system is then at a relatively 
higher average level of activity than the adrenergic system (Hess): 


Renal Failure following Injection containing Myohaemoglobin 65 

and insoluble -pigment were separately determined, from Groups I, HI, 
IV, and from a similar unreported series with shorter survival time, 



2 4 6 8 24 48 72 96 HRS AFTER 

INJECTION 


DURATION OF ALBUMIN AND 
PIGMENT EXCRETION. 


Fig. 9. — Duration of albuminuria (28 experiments) and pigment excretion 
(24 experiments), after injection. 


shows that precipitation in the insoluble acid heematin form occurs in 
the more acid and more slowly secreted urines (Table IV). While on 
the average the more swollen kidneys are found in those animals where 
the first urine contains 100-75 per cent, insoluble pigment, the Chi 
square test showed that this relation might occur three times out of 
ten on the basis of chance alone. 


Table IV. — Relationship of Pigment Precipitation to Urine pH, Flow, 
Urea Concentration, and Weight of Kidneys. 


Per cent, 
of total 
excreted 
pigment 
in. 

deposit. 

pH of urine. J 

Urine flow, ml. /hr. 

Urine urea, 
g. per cent. 

Kidney weight, 
g-/ k g- 

Frequency. 

Mean. 

Frequency. 

Mean. 

Frequency. 

Mean. 

Frequency. I 

Mean. 

Below 

5*2. 

5*2 or 
above. 

i 

Below 

10. 

10 or 
over. 

Under 

1 . 

X or 
above. 



109-75 

19 

7 

4-9S 

18 

8 

9-3 

12 

13 

1-29 

1 

8 

8*47 

74-25 

5 

4 

5«34 

n 

3 

8*9 

5 

4 

0-92 


o 

7-46 

24-0 

13 

21 

5-88 

12 

22 

17*4 

23 

9 

0*77 

10 

3 

6*85 


! 

I **« 7-3 

X s =9-1 

X 2 =3-4 

i 

yr = 2*0 

. 
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paper may also have implications in the theory of epilepsy and con- 
vulsions in general. It may be inferred that one important character- 
istic of the withdrawal status is what might be called a predominantly 
cholinergic status, brought about by the relative lack of choline esterase. 
The question arises, therefore, if such a status is a precipitating factor 
in epilepsy 7 , since the great excess number of seizures could be observed 
during that period and disappeared when there was reason to believe 
that this liypercholinergic status had also disappeared, because of the 
adjustment of the choline esterase. / 

It could, of course, be argued that any sudden change in the life 
of an epileptic would almost certainly 7 increase the frequency 7 of seizures, 
and that a sudden withdrawal of a drug, or the status produced thereby, 
has nothing fundamental to do with the production of seizures. This 
argument can be dismissed because of < the fact that convulsions, in- 
distinguishable from major epileptic seizures, occur even in non- 
epileptics after the withdrawal of some drugs (barbiturates, alcohol, 
chloral, paraldehyde). It is well known, e.g ti that convulsions may 
occur in cases of delirium tremens after -withdrawal of alcohol in chronic 
alcoholics. Recently 7 Kalinowsky [1942] observed convulsions after 
withdrawal of soluble barbitone, which had been regularl} 7 given in 
large doses for one or two years. None of these patients* histories 
or family histories, nor (so far as they were obtained) their electro- 
encephalograms, suggested epilepsy 7 , and in no case has there been any 
recurrence of seizures since. Kalinowsky also found withdrawal 
convulsions in non-epileptics with chloral and paraldehyde, but not 
with opium or its derivatives. While chloral and paraldehy 7 de are 
known to be effective in controlling seizures, opium is of little or no 
use in that respect. At any rate these convulsions are only 7 seen after 
withdrawal in chronic drug addiction, they 7 never occur in the acute 
intoxication caused by 7 the same drugs. Kalinowsky does not suggest 
any j^ossible mechanism involved in the production of seizures, but he 
thinks that perhaps the same mechanisms are responsible for the 
accompanying deliriums observed after alcohol and paraldehy 7 de with- 
drawal. 

Because of these facts the status prevailing during the abstinence 
period may 7 be regarded as of more general importance for the pro- 
duction of seizures and not only a mere precipitating factor. A number 
of other facts seem to be directly explainable from the viewpoint that 
a predominantly 7 cholinergic (hypervagal) status may be intimately 
connected with the production of seizures. 

It has long been known, for example, that a certain group of 
epileptics have many more seizures during the night than during the 
day Although little is known about the physiology of sleep, it is 
generally accepted that the cholinergic system is then at a relatively 
higher average level of activity than the adrenergic system (Hess): 
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between pH 64 and 5-8 met-hmmoglobm was formed, and that increas- 
ing the salt concentration produced a precipitate of acid hsematin at a 
pH of 4-0 after incubation for an hour at body temperature. Our own 
analysis of urine pigment distribution in the soluble and insoluble phase 
bears out their contention. It must be pointed out, however, that the 
quantity of pigment used is very different. Yorke and Nauss had used 
about 25 g./kg. body wt. Baker and Dodds used multiple and large 
(but unspecified) amounts; De Gowin and his colleagues [1937] used 
single and multiple homologous hemoglobin injections each of about 
3-5 g./kg., as also did Wakeman et al. in dogs; De Navasquez in rabbits 
used single injections of about 400-500 mg./kg. arid multiple injections 
totalling 600-2500 mg./kg. body wt. In man the usual minimum fatal 
dose of hemoglobin is about 1 g./kg. body wt. (=500 ml. transfused 
blood). That is, most workers except De Navasquez, whose animals 
showed only a mild urasmia (in only one rabbit following a single 
injection did the blood urea reach 117 mg. per cent.), used doses larger 
than those ordinarily encountered in man. 

Turning now to myoHb., the dosage used is very much smaller. 
We have produced uraemic death with amounts injected varying between 
84 and 182 mg./kg. body wt. If this is compared with the findings in 
man (Table V) it may be seen that this range includes the calculated 


Table V. — Comparison op MyoBjEmoolobin Excretion in Man 
and in the Babbit. 



Calculated 

dosage. 

Amount 

excreted. 

Max. plasma 
level. 

Urine 

concentration. 


mg./kg. body-weight. 

mg. per cent. 

Man (Crush) : 

(a) Fatal 

4 175 

7 


335 

(6) Recovery. 

( ? 165) 

165 


400 

Rabbit (Acid): 

(a) Fatal 

182-84 

60-0 

• 

' 265-0 

(6) Severe uraemia * 

240-50 

121-0 

150 

1980-507 

(c) Unaffected 

180-50 

172-0 

i 

f 

158 

875-0 


value in a fatal human case of crush syndrome in which muscle pigment 
was measured. In a 40-lcg. woman about 2 kg. of muscle were necrotic 
(50 c.c./kg. body wt.). MyoHb. in the dead muscle was 158 mg. per 
cent., compared with 510 mg. per cent, in the unaffected limb. Thus 
the total loss was 7 g. or 175 mg./kg. body wt. This patient excreted 
only 285 mg. Another 40-kg, (recovering) patient [Bywaters, 1943] 
excreted C-6 g. of pigment: her urine was alkalinised, and it seems 









Group V {control). Compression of Leg in Rabbits with TJrine of 
low pH on Acidifying Diet: no Pigment Injection. 

Five experiments showed no difference from the results seen in 
rabbits with compression on a normal diet [Bywaters and Popjak, 1942] 
except that the plasma C0 2 combining power and the pH of the urine 
were low. Ho increased rise in Hb. or blood urea was seen. No 
abnormality was seen in the kidneys at autopsy. 

Group VI {control). Injection of Rabbit Muscle Extract into One Normal 
Rabbit, One on Acid Diet , and Three on Acid Diet with restricted 
Water Intake. 

These five rabbits, injected with amounts of protein between 97 
and 380 mg./kg., excreted between 3*5 and 48 per cent, of the protein 
injected, but showed negligible changes in urea or creatinine output, 
or blood urea level. The urine was protein-free by 21 hours (except 
intone experiment). Kidney weights at autopsy were normal, and no 
naked-eye changes were seen. 


Discussion. 

These experiments show conclusively that renal failure can be 
induced in rabbits on an “acidifying” diet with urine of a pH below 
6-0 following the injection of a solution containing human myoHb. 
Renal failure does not develop after injection of this solution into 
animals on a normal diet with urinary pH above this level. The renal 
failure was associated with large swollen kidneys which were seen as 
early as 4 hours after injection. The uraemic rabbits also showed, 
besides a lower urinary pH, a slower rate of urine secretion and a 
moderately high concentration of urinary urea in the first specimen 
after injection. The pigment was mostly in insoluble form. By 
contrast in rabbits which did not develop renal damage, fairly large 
quantities of pigment were put out, the urine flow was faster, less 
concentrated and less acid: the pigment was mostly in solution. These 
factors (rate of flow and concentration of urea in the first specimens) 
seemed secondary in importance to the pH of the urine passed. 

Thus these results confirm, for myoHb. -containing solutions, the 
prime importance of the acidity of the urine first enunciated by Baker 
and Dodds in 1925 for the “production of renal damage following 
hemoglobin injection.” Yorke and Nauss in 1911 had produced 
oliguria and anuria following Hb. injection in the rabbit fed a dry 
oats diet, but not in those fed green vegetables. Baker and Dodds, 
using rabbit hemoglobin prepared by washing corpuscles until saline, 
mechanical hemolysis, and filtration, confirmed this effect of diet, and 
showed that the essential point was the reaction of the urine. In vitro 
experiments with hemoglobin in phosphate buffer solutions showed that 
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been the subject' of further investigation, which will be detailed and 
discussed in relation to the work of other authors in a succeeding paper. 


Summary. 

Following our failure to reproduce the renal effects of crush syndrome 
in rabbits, whose muscles are virtually devoid of myoHb., we have 
injected solutions containing this pigment into rabbits in doses equivalent 
to the amount excreted in human crushing injury. 

1. In normal rabbits no lesion results. 

2. If myoHb. is injected after release of a standardised leg com- 
pression, renal impairment may follow. 

3. In rabbits with acid urine (pH 4-5-6-1) the injection of myoHb, 
solutions led to more severe renal failure, with death in ursemia in 
4/25 cases. This renal damage was associated vdth pigment retention 
to a significant degree. 

4. Experiments with limb compression and rabbit (non-pigmented) 
muscle extract injections in “acidified” rabbits gave negative results. 

5. It is concluded, by analogy with these experiments, that 
myohsemoglobin excreted in an acid urine such as occurs in the crush 
syndrome may play an important role in the genesis of the renal failure 
seen in that type of injury. Analogies with the mismatched transfusion 
kidney are pointed out. 
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probable that most of the released pigment was therefore excreted (and 
was in soluble form). This gives a value of 165 mg./kg. body wt. 
corresponding, on the same basis of pigment decrease in muscle, to 
47 ml. /kg. of muscle damaged. One reason for this difference in 
effective dosage between Hb. and myoHb, is undoubtedly the difference 
in molecular size. MyoHb. has a molecular weight of 17,500, compared 
with 68,000 for haemoglobin: it thus passes through much smaller pores 
and is filtered through the glomerular membrane of the dog at 75 per 
cent, of the creatinine rate, and at 25 times the rate of haemoglobin 
filtration. The threshold value, about 20 mg. per 100 c.c., is one-fifth 
that of haemoglobin (Yuile and Clark, 1941], accounting for its more 
rapid and complete plasma clearance. 

Finally , it is necessary to discuss whether the use of human inyoHb. 
in the rabbit may introduce a fallacy into the argument, and whether 
the pigment or the other protein impurity in the solution used vas 
responsible for the renal damage. It is impossible to dispose of the 
first objection entirely from our experiments, as myoHb. cannot be 
extracted from the few small muscles of the rabbit that contain it in 
quantities adequate for injection. Experiments by Winton and his 
colleagues (personal communication) indicate that renal damage may 
result in “acidified” dogs from the injection of dog myoHb. A hetero- 
logous reaction conditioned by pH of the urine would certainly be 
unusual; moreover, the striking difference between the results in acid 
and alkali-excreting rabbits corresponds so closely with the results found 
in animals using homologous haemoglobin that it is difficult for us to 
believe that heterologous reactions play any part. 

The second objection, that this picture may he due to the protein 
impurity rather than the myoHb. of the solution, is unfortunately also 
difficult to meet. We have been able to crystallise human myoHb., 
but have found it extremely difficult to separate this small quantity of 
crystal from the amorphous protein precipitate which comes down with 
it, beyond about 50 per cent, protein impurity. This objection seems 
never to have been raised with reference to haemoglobin injections, and 
none of the authors cited have supplied nitrogen analyses of the haemo- 
globin solutions they used. Hov^ever, if the impurity can only be 
separated in vitro with such difficulty, it is improbable that, following 
necrosis of muscle, pigment could be differentially held hack by dead 
cell membranes. A partial answer is given by the negative results of 
injection of rabbit muscle extract (Group V): no renal damage ensued 
either in normal acid or acid-dehydrated animals, despite an injected 
quantity of non-pigmented protein more than double that used in the 
pigment experiments. 

The method by which myoHb. and Hb. solutions produce renal 
failure is by no means clear. Tins mechanism, and in particular whether 
retention of pigment is the result or the cause of renal damage, has 
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The metabolism of histamine has probably received less attention than 
any other aspect of the pharmacology of this most interesting substance. 
Leiter [1925] studied the metabolism of several iminazole compounds 
but did not include histamine. He found that the body was able to 
destroy many of these compounds, although iminazole itself was 
excreted almost completely in the urine. Dale and Laidlaw [1910] 
,and Oehme [1913] were unable to show any excretion of histamine in 
the urine even after the administration of quite large doses, and in 1930 
Best and McHenry showed the natural occurrence of an enzyme system 
capable of destroying histamine. However, MacGregor and Peat [1933] 
found that histamine was excreted in the urine from a kidney perfused 
with blood containing a high concentration of histamine. Rose and 
Browne [1938] studied the clearance of histamine from various tissues 
of the rat after large doses had been given intravenously. They did 
not show any excretion of histamine in the urine. The observations of 
Kapeller-Adler [1941a, 1941 6] on the excretion of histamine in the 
urine of patients with certain pathological conditions must renew interest 
in this aspect of its metabolism. The object of the present investigation 
was to study the clearance and excretion of histamine. 

Method. 

Histamine was estimated by the method of Barsoum and Gaddurn 
[1935] as modified by Code [1937]. The tissue was minced and extracted 
by grinding with 10 per cent, trichloroacetic acid in the propoxHon of 
15 ml. of acid to 10 g. tissue. The mixture was filtered by gravity and 
an aliquot of the filtrate taken. This avoided the tedious vacuum 
filtration and washing of the protein precipitate described in the original 
method. The aliquot was heated on a boiling-water bath with 10 ml, 
of concentrated hydrochloric acid for 1*5 hours. The procedure was 
then as described in the original papers. Urine was treated in a similar 
manner, 20 ml. being heated with 10 ml. of hydrochloric acid, and 
thereafter the procedure was the same as for the tissue filtrate. Parallel 
quantitative assays on guinea-pig’s intestine and cat’s blood pressure 
were carried out with all the different kinds of extract except those of 
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subjected to the method of assay described, both before and after the 
addition of known quantities of histamine to the mince. The results 
obtained are shown in Table I. 

Table II. — Histamine Content or Normal Mice. 


Amount in body. 

- 

Percentage in | 

Skin. 

Gut. 

Rest of body. 

190 

72-0 

4*0 

24-0 

290 

00-0 

3*0 

37-0 

330 

65-0 

3*0 

32-0 

410 

69-0 

2*0 

29-0 


Table II shows the histamine content of normal mice and the 
distribution between certain tissues. The distribution of intravenously 
injected histamine between the same tissues at various intervals after 
the injection is shown in Table III. 

The clearance of histamine from the body and the relationship 
between the amount in the body and the amount destroyed or excreted 



Fig. I. — Amounts of injected histamine recovered from the body and excreta 
at different intervals after the injection. 

is shown graphically in fig. 1, The results were obtained by subtracting 
the mean normal histamine content of the mouse from the amount 
found after the injection. 
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sheep’s blood without added histamine, and the evidence obtained in 
this way supported the view that the tests were actually measuring 
the concentration of histamine. The additional confirmatory test of 
desensitising a guinea-pig’s gut to histamine by adding a very large 
dose to the bath as described by Barsoum and Gaddum [1935] was 
also made, the' results of tin's test supported the evidence that the 
substance tested was histamine. 

Sodium pentobarbitone was found to be a very satisfactory anaes- 
thetic for the experiments on cats. 

Normal mice w r ere lolled by a blow on the head, divided into three 
parts — the entire skin, the whole alimentary tract, and the rest of the 
body — and the histamine content of each fraction was determined. 
A series of similar mice were injected intravenously with a solution of 
histamine, each animal receiving 3-0 mg., a dose large enough to reduce 
the error due to variation in the histamine content of individual mice. 
The normal histamine content of a mouse is about 0*2-04 mg., and 
variations of this have a negligible effect on the result. Mice are 
particularly convenient for experiments of this kind, as with many 
other animals the amount of histamine in the body is more than a 
lethal dose. These injected mice were placed in individual metabolism 
cages, lolled at intervals after the injection, their excreta collected, and 
the amount of histamine in the whole mouse and its excreta, determined. 

Results. 

To determine the accuracy of the method of estimation control 
experiments were conducted. Various tissues were minced and 


Table I. — Recoveries of Known Quantities of Histamine fkom Tissues. 



Histamine concentration, ^g./gm. 

. 

Tissue. 





Per cent. 





error. 


Initial. 

Final. 

Difference. 

Added. 


Minced mouse 

6-0 

1T6 

5-6 

5-0 

12 

70 

17-7 


10-0 

7 



17-0 



10 

Minced liver 

14 

2-5 


1*0 

10 

14 

2*5 


1*0 

10 

Sheep’s hlood 

0-10 

0-12 

144 

145 


1-0 

1-0 

4 

3 i 


0-11 

1*20 

1*09 

10 1 

9 ! 

1 




Mean . 

1 

7-3 | 
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experiments showed the excretion of a large amount of histamine in the 
urine and comparatively little in the feces (Table IV)., 


Table IV.— Excretion or Injected Histamine. 


Blouse 

No. 

Dose, 

mg. 

Per cent, excreted. 

Time, 

horn's. 


Fseces. 

' Urine. 


I 

3*0 i 


0*4 

V I8*6 


24 

2 ! 

3*0 


0*8 

7*0 


. 24 

3 

3*0 


3*0 

43-7 


24 

4 

3*0 


7*0 

71*1 


24 

5 

3*0 


2*3 

24-2 


24 

6 

3*0 


1*5 

84*6 


24 

7 

3*0 


3*6 

47*8 


24 

8 

3*0 


0*3 

4*6 


24 


1 

j Blean . 

. 2*3 

37-7 

t 



Discussion, 

The experiments described showed that more than 60 per cent, of 
all the histamine in the body was contained by the skin. Although 
Harris [1927] found a high concentration of histamine in this tissue it 
probably was not thought to represent such a large part of the total 
amount present in the body. 

The observations on the clearance of a large dose of histamine from 
the body showed the operations of at least two mechanisms. When a 
high concentration was present in the body a considerable amount was 
excreted in the urine, hut when the concentration in the body fell 
below a certain level excretion in the urine ceased and the remaining 
part of the dose was removed by a different mechanism, such as the 
enzyme system described by Best and McHenry [1930], Twenty-four 
hours after the administration the histamine content of the mice had 
reached its normal value. 

Some interest is attached to the excretion of histamine in the urine. 
The experiments described here clearly showed that whilst the con- 
centration of histamine in the body was high, excretion took place 
entirely through the kidneys. There was no evidence of destruction 
in the first hour after administration. 

These observations are of interest when considered in conjunction 
with the finding of Kapeller-Adler [1941 <z, 1941 6] that the urine in 
certain pathological conditions contained large quantities of histamine. 
In the experiments on mice histamine only appeared in the urine when 
there was a large excess in the body. If the results of Ivapeller -Adler 
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Table III shows the distribution of histamine at intervals after its 
intravenous administration. 


Table HI. — Distribution or Injected Histamine in Mice. 


Time, hours. 

Percentage of dose present. 

Skin. 

Gut. 

Pest of body. 

0 

4*7 

26*4 

52-8 

0 

7*2 

8*1 

85-1 

0 

2*8 

6*0 

87*5 

0 

7-5 

G*3 

68*1 

1 

0*0 

7*5 

81*4 

1 

7*9 

41*3 

39*0 

1 

13*1 

9*1 

58*8 

1 

7*2 

6*3 

44*0 

2 

9*4 

6*4 

31*1 

2 

13*7 

6*8 

22-5 

2 

17*8 

14*3 

5*0 

* 2 j 

2*1 

6*3 

10*9 

3 

! 22-0 

20*0 

32*4 

3 

11-3 

12*8 

50*8 

3 

00 

6*4 

1 1*8 

3 

1-3 

9*8 

30*8 

5 

1*7 

12*3 

15*6 

5 

0*7 

8*6 

15*1 

5 

8*5 

5*7 

24*7 

5 

0*5 

6*0 

11*2 

24 

0*0 

0*1 

0*0 

24 

0*0 

0*0 

0*0 

24 

1*0 

> 1*3 

9*4 

24 

0-0 

0*6 

0*4 

24 

0*7 

0*3 

2*0 


In view of the failure of previous workers to show the presence of 
parenteraUy administered histamine in the urine, the observation of the 
excretion of large amounts by this route was studied more closety. The 
histamine excretion of normal mice was found to be very small , The 
amounts in the combined urine and fieces of 6 normal mice were 
estimated as 1*0, D2, 1-5, 2-0, 3*0, and 3*5 pg. of histamine per 24 hours. 
A metabolism cage was constructed whereby the faeces and urine of an 
individual mouse could be obtained separately, and the histamine 
excreted both by kidneys and alimentary tract was determined . Chloro- 
form was placed in the collecting vessels to prevent bacterial growth , 
but it was doubtful whether this precaution was necessary, These 




On the Metabolism of Histamine 


75 


experiments showed the excretion of a large amount of histamine in the 
urine and comparatively little in the feces (Table IV).. 


Table IV. — Excretion of Injected Histamine. 



Discussion. 


The experiments described showed that more than 60 per cent, of 
all the histamine in the body was contained by the skin. Although 
Harris [1927] found a high concentration of histamine in this tissue it 
probably was not thought to represent such a large part of the total 
amount present in the body. 

The observations on the clearance of a large dose of histamine from 
the body showed the operations of at least two mechanisms. When a 
high concentration was present in the body a considerable amount was 
excreted in the urine, but when the concentration in the body fell 
below a certain level excretion in the urine ceased and the remaining 
part of the dose was removed by a different mechanism, such as the 
enzyme system described by Best and McHenry [1930]. Twenty-four 
hours after the administration the histamine content of the mice had 
reached its normal value. 


Some interest is attached to the excretion of histamine in the urine. 
The experiments described here clearly showed that whilst the con- 
centration of histamine in the body was high, excretion took place 
entirely through the kidneys. There was no evidence of destruction 
m the first hour after administration. 

, ^'l lese observations are of interest when considered in conjunction 
vith the finding of Kapeller- Adler [1941a, 19416] that the urine in 
certain pathological conditions contained large quantities of histamine, 
n the experiments on mice histamine only appeared in the urine when 
lere was a large excess in the body. If the results of Kapeller- Adler 
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were due to an excess of histamine in the body, this excess must have 
been a large one. x 

Summary. 

The skin of the mice was found to contain more than 60 per cent, 
of all the histamine in the body. 

A large dose of histamine was cleared partly by excretion and partly 
by some other mechanism. Excretion occurred through the kidney, 
and only whilst a high concentration was present in the body. The 
whole of a large dose was removed within twenty-four hours of 
administration. 
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the pupils are small; the heart-rate slow, and the intestine active. 
The occurrence of a greater number of seizures in epileptics during 
sleep is, from the viewpoint outlined above, not surprising. 

Another observation made in the eases described above may be 
mentioned here in connection with the question of the diurnal-nocturnal 
distribution of seizures. It was clearly observed that all cases ap- 
peared to be in a drowsy and sleepy state during the abstinence period. 
This was quite evident, even if occasionally they were noisy or restless. 
Even during these outbursts their state resembled rather one of sleepiness 
than of wakefulness. This seems all the more significant since that 
observation was made after the withdrawal of a narcotic. Thus a 
paradox presented itself: during administration of the narcotic (if 
made over prolonged periods of time) the patient appears more soundly 
awake, whereas after withdrawal of the narcotic he appears sleepy. 

Besides this sleepy state other symptoms of the postulated pre- 
dominantly cholinergic status were sought for, and indeed in all patients 
very small pupils were found, most of them of pin-point size, and the 
heart-rate was slow (50-65 per min.). 

Why a hypercholinergic status should be a factor in the production 
of convulsions is not known. The findings of Hopkins [1935] could 
not ascertain that any of the “known changes in the acid-base equi- 
librium, water shifting, and other ionic blood changes” which he 
investigated can be made responsible for the increased number of 
seizures during sleep, since he found these changes greatest at one 
period of the night and that they did not show any parallelism to the 
peak incidence of seizures reported by other workers. 

Some important discoveries made by Grinker [1938] and Penfield 
[1941] seem to point in the same direction as the interpretation of our 
results given above. By means of a number of electrodes placed on 
different parts of the skull, and through the nose against the sphenoid, 
these authors recorded the electro-encephalograms simultaneously as 
obtained from these different leads in the same individual. Penfield 
[1941] describes one case where, during the prodrome symptoms of an 
attack (“aura”), when the patient “felt like the start of a spell,” no 
cortical abnormality could be detected, large waves, however, were 
found originating from the base (diencephalic 1). The cortex only 
became involved later when the major attack developed. Since it is 
well known that the basal regions of the brain are closely connected 
with cholinergic activities and sleep, these discoveries seem greatly 
to support the conception derived from our results. These basal 
regions were also found to contain much greater quantities of choline 
esterase than the rest of the brain [Nachmansohn, 1938 and 1939]. 
Adam, McKail, Obrador, and Wilson [1939] found that stimulation 
of the hypothalamus in cats often as much as doubled the acetylcholine 
content of the cerebrospinal fluid. It would seem desirable to supple- 
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ment these electro -encephalographic localisations by a chemical ap- 
proach such as determinations of the choline esterase in diSerent brain 
regions in epileptics and non-epileptics. 

Other findings pointing in the same direction were reported by 
Williams [1941] and Russell and Williams [1941], An increase of 
petit mal activity Ity injection of several anticholine esterase substances 
was found by these authors. This effect was inhibited by atropine. 
Intravenous injection of acetylcholine was followed by an epileptic 
outburst on four occasions, with clinical evidence in two subjects, and 
was prevented by atropine. 

The well-known precipitating factor of alcohol in epilepsy, for 
which no satisfactory explanation has been forwarded yet, is probably 
also connected with the cholinergic system, since Bader and Schiitz 
[1943] have recently found that such low concentrations of alcohol, 
as can be expected to exist in or on nerve cells in an alcoholic state, 
destroy appreciable amounts of choline esterase in vitro. 

If in epilepsy, or in a certain group of epileptics at any rate, this 
predominantly cholinergic state exists and, as so many facts suggest, 
it plays an important role in the production of seizures, an adequate 
way to counteract this state would be the administration of choline 
esterase— work in that direction is now being carried out. 

In conclusion it may be said that during the withdrawal period, 
after prolonged administration of slow-acting barbiturates, a pre- 
dominantly cholinergic status apparently exists because of a relative 
lack of choline esterase. Since convulsions occur during that state 
even in non-epileptics, this state is believed to play an important role 
in the production of seizures. Such diverse facts as the nocturnal 
peak incidence of seizures, the precipitating action of alcohol in epilepsy, 
the first appearance of abnormal electro -encephalograms at the basal 
regions of the brain in some cases, can all be understood more clearly 
by the assumption that the cholinergic system, or a part of it, is at- a 
relatively high average level of activity and represents an important 
epileptogenic factor. 

Summary. 

1. The previously described decrease of serum choline esterase 
after prolonged administration of barbiturates in man was studied in 
epileptics after sudden withdrawal of the drug. The number of seizures 
then rises sharply to a maximum, while the choline esterase is still at 
a low level. 

2. The seizures become less frequent again when the choline esterase 
starts to rise, and usually disappear completely when the choline 
esterase has just reached what proves to he, in the particular individual, 
its highest level. 

3 When the drug is given, the choline esterase decreases to a 
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minimum in about three weeks, whereas the number. of seizures is 
minimal in a few days, 

4. A time sequence of the abstinence symptoms was noted, the 
withdrawal psychosis appearing first and wearing off when the grand 
mals were at their peak, whereas the latter preceded the maximal 
frequency of petit mal seizures. 

5. In an unselected group of cryptogenic (idiopathic) epileptics, 
when under no treatment for some time, a slightly higher average 
value of serum choline esterase was found than the normal average, 
the difference being statistically not significant. In some of the 
epileptics, however, much higher values were found than were ever 
found in normals. The possible existence of one group of epileptics, • 
characterised by a high choline esterase, is discussed. 

6. After the withdrawal of the drug the narcotic effect seems to 
wear off more rapidly than the choline esterase increases. Thus the 
cholinergic system, free from narcotic and probably at a high level 
of activity, is left with an inadequate amount of choline esterase. 
This discrepancy probably accounts for the abstinence symptoms. 

7. Because of the relative lack of choline esterase during the period * 
of abstinence symptoms, excessive cholinergic activity is assumed to 
exist. A number of indications for this are found, and its possible 
role in the production of seizures is discussed. Some diverse features, 
such as the peak incidence of seizures during the night, the precipitating 
action of alcohol in epilepsy, and some features in the electro -encephalo- 
grams, become more understandable from this viewpoint. 
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THE PRODUCTION OF RENAL FAILURE FOLLOWING 
INJECTION OF SOLUTIONS CONTAINING MYOH/EMO- 
GLOBIN. By E. G. L. Bywaters 1 and J. K: Stead. From 
tlie Departments of Medicine and Pathology, British Post- 
graduate Medical School. 

{Received for publication 1st September 1943,) 

A preceding paper [Bywaters and Popjak, 1942] has described the 
production of “shock” in rabbits following compression of leg muscles 
by rubber tubing for a standard time of 4-6 hours : after release of the 
compression, plasma leaks into the area of ischemic necrosis, which 
becomes edematous: hemoconcentration and a fall of blood pressure 
result from this plasma depletion. Besides these effects, changes were 
seen due to passage of substances from the injured part into the blood- 
stream. A comparison was drawn between this experimental* lesion 
and that of the “ crush syndrome” in man. The latter is the sequence 
of events following crushing or compression of the limb beneath debris 
for several hours [By waters and Beall, 1941], Plasma is lost into the 
ischaemic area with consequent hemoeoncentration and, sometimes, fall 
in blood pressure: the affected limb becomes edematous, All these 
effects were reproduced in the rabbit, as well as such features as acidosis 
and creatinuria due to diffusion from the necrotic muscle back into the 
blood-stream. Two features of the crush syndrome in man, however, 
were not seen in the animal experiments: firstly, no myohsemoglobin 
(myoHb.hwas excreted by the rabbit; and, secondly, no renal failure 
developed. A rise in blood urea occurred, but this was small, short- 
lived, and associated with an increased rather than a decreased urinary 
output of urea. The kidneys showed no gross damage. In man, by 
contrast, myoHb. is excreted [Bywaters, Delory, Rimington, and Smiles, 
1941]: renal impairment often develops, leading in two-thirds of the 
observed cases to death from ursemia [Bywaters, 1942]. 

The kidney damage of the crush syndrome in man is strikingly 
similar, both functionally and pathologically, to that sometimes seen 
following intravascular hemolysis. This renal damage following hemo- 
globinuria was experimentally produced in the rabbit by Yorke and 
Nauss in 1911 ; it has been investigated since by many workers, notably 
by Baker and Dodds [1925], wdio proved conclusively that uremia was 

1 Beit Memorial Fellow. 

53 



54 


Bywaters and Stead 


produced only if the animal was secreting an acid urine. They showed 
in vitro .that hemoglobin in solution is changed to met-heemoglobm and 
acid hsematin if the acidity and the salt concentration is high. These 
findings have been confirmed by other workers using other species [e.<j. 
De Gowin and his colleagues in the dog, 1937]. Baker and Dodds’ 
hypothesis, however, that renal damage < is due chiefly to simple 
mechanical blockage by these relatively insoluble derivatives has not 
been universally accepted [e.p. De Gowin et ah, 1938; De Navasquez, 
1940]. 

It occurred to us, therefore, that our failure to produce renal 
damage by ischaemic compression of the rabbit’s limb might be due (as 
the absence of myohaemoglobinuria certainly is) to the virtual absence 
of myoHb. from the thigh muscles of the rabbit. To test this hypo- 
thesis, we have supplied this deficiency of muscle pigment by injecting 
solutions containing human myoHb. The results show that gross 
impairment of renal function results if the urine is acid. 


Methods. 

Most of the experimental conditions and biochemical methods used 
were the same as have been described in the earlier paper [Bywaters and 
Popjak, 1942]; in addition: 

(1) Myolmmoglobin was prepared from human muscle, using a 
modification of TheorelTs [1932] method* In well-developed bodies 
without intravascular clotting (chiefly traffic accident deaths) the 
femoral artery was perfused with saline (up to 5 1.) until the venous 
return, assisted by massage and movement of the leg, was clear. The 
muscle, freed from fat, etc., was minced, ground with sand, and extracted 
with an equal volume of saline overnight in the refrigerator. After 
centrifuging, the proteins were precipitated at room temperature with 
one-fourth volume saturated basic lead acetate, excess lead being 
removed with saturated disodium phosphate until no further precipitate 
occurred. Traces of other protein were removed by half saturation with 
ammonium sulphate and the myoHb. precipitated by full saturation. 
The myoHb. was then redissolved in distilled water and dialysed against 
running tap water, centrifuged, and the supernatant fluid finally con- 
centrated by pervaporation at a temperature of 0° C. to a strength of 
about 1 g. per cent. Sodium chloride was added to isotonic strength, 
the solution sterilised by Seitz filtration and stored in the refrigerator. 
The jdeld was about 130 mg. per 100 g. wet muscle (estimated as 
haemoglobin). 300-400 mg. per cent, of pigment was lost in the process . 
of purification, since we have found human muscle to contain about 
500 mg. In some samples faint met-myoHb. bands were seen. These 
myoHb. solutions gave a nitrogen content (micro-Kjeldahl) vanning 
between 2*18 and 2*40 times the theoretical value (17*35 g. N 2 per 100 g. 
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pigment as Hb.), calculated from the pigment content. Thus, an 
approximately equal quantity of non-pigmented protein was injected 
each time with the myoHb. 

These pigment solutions could he given, even as fast as 25 ml. in 
two minutes, without any untoward reaction. (Some earlier prepara- 
tions had induced immediate rigors (three experiments) or convulsions 
(three experiments), leading in two other animals, not included in the 
series, to death at 10 and 36 minutes respectively with dilatation of the 
right heart due to obstruction in the pulmonary circuit. Centrifuging 
the myoHb, solution immediately before injection eliminated these 
reactions by removing a very fine white precipitate, probably denatured 
protein, which sometimes appeared.) The usual rate of injection was 
5 ml. /min.: a few experiments where the solution was injected over a 
longer period (e.g. 27 min.) showed no consistent difference in results. 

(2) Control muscle extract was prepared from normal perfused 
rabbit muscle, containing no myoHb., and extracted by exactly the 
same process. This was nearly colourless, showed no bands on spectro- 
scopic examination, and was adjusted for injection to have a protein 
nitrogen content ranging from 164 to 610 mg. per cent. 

(3) MyoHb. was estimated in the injection fluid and urine as 
“mg. haemoglobin” by comparison of its alkaline heematin with that of 
a known alkaline hsematin prepared from haemoglobin [Clegg and King, 
1942]. Pigment was estimated in the plasma by the benzidine method 
[Bing and Baker, 1932], the position of the band being read in the 
Hartridge reversion spectroscope. Care had to be exercised in taking 
blood from the ear vein that no haemolysis occurred. A free flow is 
essential, and the blood collected into plain centrifuge tubes was 
spun immediately so that the serum could be removed before clotting 
occurred. 

(4) Acidosis was induced by moistening the dry food each day with 
15-20 ml. of 5 g. per cent, ammonium chloride, made up to 200 ml, 
with tap water. On this regime the urinary pH ranged between 4*5 and 
6-0, averaging 5-0. The serum showed a C0 2 combining power some- 
times as low as 10 vol. per cent., averaging 21 vol. per cent. Over the 
pre-injection control period of 4 to 14 days no ill-effects were seen from 
this diet except in 2 out of 35 “acid” experiments. In the one the 
animal had an unexplained temporary collapse, and in the other, the 
fluid intake of the animal being restricted, traces of albumen appeared 
in the urine, 

(5) While in most experiments the rabbits were allowed free access 
to water, in some the fluid intake was restricted to 100 ml. water daily, 
which was used to moisten the dry food. The control blood urea 
readings were rather higher, averaging about 40 mg. per cent., than in 
the unrestricted water group, in which the average was about 30 mg. 
per cent. 
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produced only if the animal was secreting an acid urine. They showed 
in vitro that haemoglobin in solution is changed to met "haemoglobin and 
acid hsematin if the acidity and the salt concentration is high. These 
findings have been confirmed by other workers using other species [e.g. 
De Gowin and his colleagues in the dog, 1937]. Baker and Dodds' 
hypothesis, however, that renal damage/ is due chiefly to simple 
mechanical blockage by these relatively insoluble derivatives has not 
been universally accepted [e.g. De Gowin et al ., 1938; De Navasquez, 
1940]. 

It occurred to us, therefore, that our failure to produce renal 
damage by ischaemic compression of the rabbit’s limb might be due (as 
the absence of myohaemoglobinuria certainly is) to the virtual absence 
of myoHb. from the thigh muscles of the rabbit. To test this hypo- 
thesis, we have supplied this deficiency of muscle pigment by injecting 
solutions containing human myoHb. The results show that gross 
impairment of renal function results if the urine is acid. 


Methods. 

Most of the experimental conditions and' biochemical methods used 
were the same as have been described in the earlier paper [Bywaters and 
Popjak, 1942]; in addition: 

(1) Myohoemoglobin was prepared from human muscle, using a 
modification of Theorell’s [1932] method. In well-developed bodies 
without intravascular clotting (chiefly traffic accident deaths) the 
femoral artery was perfused with saline (up to 5 1.) until the venous 
return, assisted by massage and movement of the leg, was clear. The 
muscle, freed from fat, etc., was minced, ground with sand, and extracted 
with an equal volume of saline overnight in the refrigerator. After 
centrifuging, the proteins were precipitated at room temperature with 
one-fourth volume saturated basic lead acetate, excess lead being 
removed with saturated disodium phosphate until no further precipitate 
occurred. Traces of other protein were removed by half saturation with 
ammonium sulphate and the myoHb. precipitated by full saturation. 
The myoHb. was then redissolved in distilled water and dialysed against 
running tap water, centrifuged, and the supernatant fluid finally con- 
centrated by pervaporation at a temperature of 0° C. to a strength of 
about 1 g. per cent. Sodium chloride was added to isotonic strength, 
the solution sterilised by Seitz filtration and stored in the refrigerator. 
The yield was about 130 mg. per 100 g. wet muscle (estimated as 
haemoglobin). 300-400 mg. per cent, of pigment was lost in the process 
of purification, since we have found human muscle to contain about 
500 mg. Id some samples faint met-myoHb. bands were seen. These 
myoHb* solutions gave a nitrogen content (micro -Kjeldah 1) varying 
between 2*18 and 2-40 times the theoretical value (17-35 g. N 2 per 100 g. 
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injected) except with the smallest doses. The excretion of albumen 
stops simultaneously with pigment excretion except where on occasion 
a small amount (10 mg. per cent.) is seen in the next 24-hr. specimen. 
Kidney weights at death were wikhin the normal Tange ('i.e. 0 i 

Dev. 0-9 g./kg. in 20 normal rabbits). A similar result was seen if the 
fluid intake was restricted. 

Group II. Myohozmoglobin Injection in Babbits following Release of 

Leg Compression. 

When myoHb. (45-200 mg./kg.) was injected after release of a 
standard leg compression, a very much higher rise in blood urea was 



EFFECT OF MYOHB IN THE CRUSHED RABBIT 

Fig 2,— Following release of leg compression, injection of 45 mg, myoHb. 
per kilo body -weight. Koto oliguria with nitrogen retention and depressed 
urinary concentration. 

pioduced in 2 out of 6 experiments than in any rabbit subjected to the 
standard compression alone [Bywaters and Popjak, 1942]. This rise 
of blood urea was accompanied by oliguria, decreased creatinine output, 
delay in the usual post-compression creatinuria, and a depression of 
urinary urea concentration pointing to renal dysfunction in contrast to 
the results of standard compression alone. There was also seen, follow- 
ing the initial hauno concentration and fall of blood pressure, a high 
degree of haunodilution with a peak corresponding to that of the blood 
urea (fig. 2). Recovery occurred with the passage of large pigmented 
casts. Pour other animals, however, showed a rise of blood urea no 
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(6) Significance of results was evaluated, using Yate’s modification 
of the Chi square test for fourfold tables. 


Results. 

Group I. Injection of Myoliocmoglobin into Normal Rabbits' 

In 8 experiments, where normal rabbits were allowed to survive 
for at least 28 hr. after injection, myoHb. was given intravenously in 
amounts ranging between 34 and 213 mg./kg. body-weight; no signifi- 
cant rise in blood urea occurred. Serum myoHb., 40 mg. per cent, 
after inj'ections of 50 mg./kg., had disappeared by 1 hr. The urine 
(pH 6-7-7 -2) contained myoHb. in solution, often with met-myoHb. 



EFFECTS OF MYOHB »N NORMAL RABBIT 

l i£6o o ) 

Fig. X,— : Normal diet; injection of 200 nog. myoHb. per kilo body -weight. 
jNbto diuresis and consequent oliguria: no renal impairment. 98 per cent, 
excreted in 04 minutes, all in solution. 


bands faintly visible, but no insoluble pigment except a rare granule or 
cast seen microscopically. As may be seen from fig. 1, depicting a 
typical experiment, a diuresis usually follows the injection, with a 
resultant depression in urinary urea and creatinine concentration: 
there is usually during this first period, however, an increase in the 
amount of urea and creatinine excreted in unit time, and this is followed 
either bv a return to normal if the diuresis is small or, if large, by an 
r ripriod (fie. 1) with increased urea and creatinine urinary con- 
erUrations and decreased total output of these substances. Over the 
C i t r r.Priod there is little change in clearance. A very small propor- 
retained (e.?- 1. *, «nd >2 per cent, of that 
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Fig. 3. — “Acid” rabbit: injection of Si mg. rayoHb. per kilo body-weight. 
Death with oliguria and nitrogen retention. No pigment excreted: tendency 
of urinary urea concentration to recover. 


M&, % HAtOA.sE. 




Fio. 4. — “Acid’' rabbit: injection of 241 mg. myoHb. per kilo body-weigb 
ought impairment of excretion but no oliguria; S4 per cent, of injected piemej 
excreted in 60 minutes, a further 14 per cent, by 2 hours, none thereafter. 
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greater than occurred after compression alone (up to 134 mg. per cent.); 
there was no difference in urinary pH (6-0-6-S in the first specimen 
after release) to account for this difference in behaviour, and it was 
not clearly related to interval after release, duration, or amount of 
injection. Kidney weights at death were within normal limits. In 
man the urinary pH following crushing injury falls to very much lover 
levels (e.g. pH 4-6), and therefore it was thought advisable to follow 
the results of myoHb. injection without compression in rabbits whose 
urine bad been rendered strongly acid by the ingestion of ammonium 
chloride. 

/ 

Grotcp III. M yoh asm oglobin Injection in Rabbits with Urine of 
Low pH attoived to survive Twenty-four Hours or more. 

This group of 27 experiments was subdivided into (a) 13 experi- 
ments with unrestricted fluid intake (Group IIIa), (b) 14 experiments 
with restricted intake (Group IIIb). With the exception of two animals 
killed at 24 hours, survival was permitted until the blood urea peak had 
been attained. Urinary pH in the first specimen after injection varied 
between 4*5 and 6*1 (average 5*2). In 7 experiments no rise in blood 
urea above 50 mg, per cent, occurred. In 5 experiments a small rise 
developed up to 50-100 mg. per cent. In the remaining 15 experiments 
the blood urea rose to between 100 and 860 mg. per cent, (average 
maximum figure being 264 mg. per cent.), and this was accompanied 
by a depression of renal function, as evidenced by oliguria (fig. 3) and 
failure to concentrate urea or excrete creatinine. There were four 
deaths from urmmia, at 68, 100, 100, and 110 hours after injection, 
two in each subgroup. There was a marked tendency for functional 
renal recovery to ensue, not only when the kidneys were mildly affected 
(fig, 4), but also when they were more seriously damaged (fig. o), and 
even in two of the four experiments -where death in ursemia ensued 
(fig. 6). In three of the four fatal experiments the maximum blood 
urea was 300 mg. per cent., and in the other it rose to 860 mg. per cent./ 
In the severely uraemic rabbits there was sometimes a temporary fall in 
haemoglobin (about 1-2 g. per cent.), which, in those animals allowed 
free access to water, returned to the previous level within 48 hours. 
Plasma protein showed no change (fig. 5). In those animals which 
developed no rise in blood urea there was only a small fall in Hb., 
averaging under 1 g. per cent., similar in magnitude to that produced 
by control blood sampling. Serum levels of myoHb. as high as 15S 
mg. par cent, were produced. The incidence of high maximum blood 
urea levels in the two subgroups was not markedly different, but tended 
to be more frequent in the group on restricted fluid (Table I). In those 
rabbits which had shown high blood urea levels the kidneys were found 
to be markedly swollen and tense, with a slightly mottled surface. The 
kidney weights were correspondingly increased (Table IIa) compared 
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effect of mtohb in the 'acid* rabbit. 

Fig. 3. — “Acid” rabbit: injection of 84 mg. myoHb. per kilo body-weight. 
Death with oliguria and nitrogen retention. No pigment excreted: tendency 
of urinary urea concentration to recover. 


MB , % HW-DANE . 
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^ Acid rabbit: injection of 241 mg. myoWj. per Idto body-xreight 
blight impairment of excretion but no oliguria; 84 per cent, of injected pigment 
excreted in 6G minutes, a further 14 per cent, by 2 hours, nono thereafter. 
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Table I. — Relation of Blood Urea Rise to Fluid Intake (Group III). 



Maximum blood urea. 

Below 100 mg. per cent. 

No. of experiments.* 

100 mg. per cent, or above. 
No. of experiments. 

Acid Diet 
(Group HI a). 

5 

(Mean blood urea: 46 mg. 

per cent. Mean pigment 
injected: 120 mg./kg. b.wt.) 

6 

(Mean blood urea: 199 mg. 

per cent. Mean pigment 
injected: 178 mg./kg. b.wt.) 

Acid Diet and 
restricted 
fluid intake 
(Group IIIb). 

4 

(Mean blood urea: 73 mg. 

per cent. Mean pigment 
injected: 135 mg./kg. b.wt.) 

1 

9 

(Mean blood urea: 308 mg. 

per cent. Mean pigment 
injected: 112 mg./kg. b.wt.) 

y z Test shows no significant difference between Groups IHa and Mb 
in Tespect to blood urea rise. 


* Three experiments with amounts of pigment injected below 50 mg. per cent, 
are omitted. 


Table IIa. — Relation between Blood Urea Rise and Kidney 
Weights (Group III). 



Maximum blood urea. 


Below 100 mg. per cent. 
No. of experiments. 

100 mg. per cent, or above. 
'No. of experiments.* 

Kidney weights below 

5 

2 

8 g./kg, b.wt. ' 



Kidney weights above 

8 g./kg. b.wt. 

1 

12 

Mean kidney weight: 
g./kg. b.wt. 

6-35 

9-5±S.D. 1-2 


y- =4-0: Standard error of difference between normal and uraemic mean 
kidney weights =1*5. 


* Omitting an experiment with survival to the 16th day. 

with a normal figure of 6*0 ± St. Dev. 0*9 g./kg. body wt. No relation 
could be found in these 27 experiments between the amount of pigment 
injected and the maximum blood urea figure (Table I), nor could a 
significant relation be made out between the amount of pigment 
excreted and the blood urea rise (Table IIo); of those five who excreted 
less than 1 mg., three had received very small injections (26-59 mg./kg.), 
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and the other two died in uraemia. There is, however, a significant 
relation between the amount of pigment retained and the blood urea 
rise (Table IIb and fig. 7). The excretion of pigment was completed 
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Fig. 7. — Retention of pigment and maximum blood urea concentration 
attained in 35 experiments. One animal (with query) showed a trace of albumen 
and a blood urea of 92 mg. per cent, in the control period due to over-dehydration. 
Two of the acid dehydrated series were killed at 24 hours (crosses). 

t 

usually between the second and the sixth hours. (There was one 
exception to this, in which some pigment was excreted after 23 hours.) 
Thus, changes in the kidney could be investigated within the first 
6 hours, using pigment retention as an indication of probable unemia, 
had survival been permitted. 

Table IIb. — Relation between Blood Urea Rise and Pigment 


Retention (Group HI). 



1 Maximum blood urea. 1 

Below 100 mg. per cent. 
No. of experiments.* 


Pigment retained below 
35 mg. /kg. b.wt. 

s 

2 

Pigment retained above 
° 35 mg./kg. b.wt. 

1 

13 

Mean pigment retained. 

IS mg. /kg. b.wt. 

67 mg./kg. b.wt. 




* Three experiments have been omitted with amounts injected below 
50 mg./kg. bwt. 


150 MG/KU.0 MT0H9, 


MUM 6C000 U«t* 
£NTRAT10N , UG ** 


t • normal 
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Table He.— R elation between Blood Urea Rise, Pigment Excretion, 
and Urinary pH (Group HI). 



Maximum blood urea. 

* 

Below 100 mg. per cent. 
No. of experiments.* 

100 mg. per cent, or above. 
No. of experiments. 

Pigment excreted below ! 
100 mg. /kg. b.wt*. 

4 

.. 

11 

Pigment excreted above 
100 mg. /kg, b.wt. 

. 5 

4 

Mean pigment excreted. 

107 mg./kg. b.wt. 

71 mg./kg. b.wt. 

Mean pigment injected. 

127 mg./kg. b.wt. 

138 mg./kg. b.wt. 

Mean pH of first urine 
after injection. 



5-3 

1 

5*1 

l . 


There is no significant relation shown by the Chi square test between 
pigment excreted or pH and blood urea rise. 

* Three experiments omitted with injected pigment below 50 mg. /kg. b.wt. 


* Grottp IF. Myohamoglobin Injection in Rabbits with Urine of lota pH 
with restricted Water Intake killed within 8 Hours of Injection . 

A further series of 12 similar experiments was therefore done to see 
when the kidney swelling developed: in six of these, killed between 6 
and 7 hours of the injection, the kidney was markedly swollen and 
weighed over 8 g./kg., mean 9 g./kg., the remainder averaging only 
6'3 g./kg. The relationship obtained, if amount of pigment retained 


Table Hd. — Relation between Kidney Weight and Pigment Retention 

(Groups III and IV). 



Kidneys, g./kilo body -weight. 

Below 8-0. 

No. of experiments.* 

8-0 and above. 

No. of experiments. 

Pigment retained below 
35 mg./kg. b.wt. 

10 


Pigment retained 

35 mg./kg. b.wt. 
or above. 

3 

18 

r=14*6 


* Omitting experiment with survival for 16 days. 
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and the other two died in uraemia. There is, however, a significant 
relation between the amount of pigment retained and the blood urea 
rise (Table IIb and fig. 7). The excretion of pigment was completed 


MAXIMUM 6L000 urea 
CONCENTRATION . MG % 


NORMAL 

* ADO 

• AClO OENYDRATEO 


••'V 


25 50 T5 <00 125 »50 MG / KILO MYQH8. 

> RETAINED. 

Fig. 7. — Retention of pigment and maximum blood urea concentration 
attained in 35 experiments. One animal (with queiy) showed a trace of albumen 
and a blood urea of 92 mg. per cent, in the control period due to over*dehydration. 
Two of the acid dehydrated series were killed at 24 hours (crosses). 


usually* between tlie second and the sixth hours. (There was one 
exception to this, in which some pigment was excreted after 23 hours,) 
Thus, changes in the kidney could be investigated within the first 
6 hours, using pigment retention as an indication of probable urseuua, 
had survival been permitted. 


Table IIb. — Relation between Blood Urea Rise and Pigment 


Retention (Group HI). 



Maximum blood urea. 


Below 100 mg, per cent. 
No. of experiments.* 

100 mg. per cent, or above. 
No. of experiments. 

Pigment retained below 
35 mg. /kg. b.wt. 

8 

2 

. 

Pigment retained above 
35 mg./kg. b.wt. 

1 

13 

Mean pigment retained. 

18 mg./kg. b.wt. 

67 mg./kg. b.wt. 

' £= = 102 


* Three experiments 

have been omitted with 

amounts injected below 


50 mg./kg. b.wfc. 



THE EFFECT OF INCREASED ACTIVITY OF THE SYM- 
PATHETIC SYSTEM IN THE INHIBITION OF WATER- 
DITJRESIS BY EMOTIONAL STRESS. By W. J. O’Cosraros 1 
and E. B. Vekeey. From the Pharmacology Laboratory, 
Cambridge. 

(.Received for publication 13 th April 1944.) 

Rydxn and Vkrhey [1938] produced evidence of an indirect kind that 
the inhibition of water-diuresis by emotional stress in the dog was due 
to the release of antidiuretic substance from the posterior lobe of the 
pituitary, and later work by O’Connor and Verney [1942] established 
by direct experiment the correctness of this conclusion in the case of 
animals in which the kidneys had been denervated and the splanchnic 
nerves divided. In the course of further work on the liberation of 
antidiuretic substance during emotional stress two additional facts have 
been observed. Eirst, a large inhibition due to the release of anti- 
diuretic substance has been found to occur in only one-third of tests 
on normal dogs, but in all tests after denervation, of the kidneys with 
section of the splanchnics and removal of the anterior part of the 
abdominal sympathetic chains. Secondly, an inhibition of water- 
diuresis has been observed which has characteristics entirely different 
from the inhibition due to the release of antidiuretic substance from 
the posterior lobe of the pituitary. It is the purpose of this paper to 
present experiments which establish the nature of the new type of 
inhibition, and also explain the absence of a large inhibition in many 
tests in normal dogs, as contrasted with its regular appearance after 
denervation of the kidneys and suprarenals. 

Methods. 

These were the same as those described by O’Connor and Verney 
[1942]. 

Results. 

Inhibition of Water-Diuresis in Normal Dogs . 

In fig. 1 aTe shown four inhibitions of water-diuresis by emotional 
stress from a series of tests carried out on the same bitch over a period 

1 Beit Memorial Research Fellow. 

VOL. XXXIII, XO. 2. — 1915. 
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be plotted against kidney weight, coincides in these 12 experiments with 
that found in Group III; the relationship in the two groups combined 
is analysed in Table III) and depicted, together with that in four normal- 
diet rabbits in fig. 8. 

In a few human cases [Bywaters, 1943] it seemed that the severity 
of the renal injury ran parallel with the duration of albuminuria. 


average or ?o 
NORMAL ftABBJTS. 
5 96**9, 


So . >00 >50 ZOOMZ./KHQ OF 

MyOH8^RETAINED. 

curt : NORMAL » 

ACIO » (91 

ACID O£HY0RAT£D 


14 


kidneys} 

g./kho 

S0DY-W7. 


Fig. 8. — Retention of pigment and kidney weight, per kilo body-weight in 
4 rabbits on normal diet, 9 on acid diet, and 23 acid.dehydrated animals (one of 
the last with query, as in fig. 7). Average of 20 normal rabbits is 6*0 g. per kilo 

body -weight. 


Table III. — Relation of Blood Ubea Rise to Dotation of Albuminuria. 



Maximum blood urea. 

Below 100 mg. per cent. 
No. of experiments. 

100 mg. per cent, or above. 
No. of experiments. 

Albuminuria for less than 
48 hours. 

13 

1 

Albuminuria for more 
than 48 hours. 

4 

10 



Table III shows that in rabbits also the duration of albuminuria is 
related to the blood urea rise. The albuminuria lasts longer than 

•oiement excretion . 

P & An analysis of 70 pigmented urines, in which the amounts of soluble 





79 


Sympathetic System and Water-Diuresis 

period of stimulation, and that recovery towards the diuretic level is 
slow, a rate of 2 c.c./min. not being reached again until 40 minutes 
after the stimulus. Pig. 1, b shows an inhibition of similar maximal 
intensity but of entirely different time course. In this instance 
electrical stimulation was applied for 60 sec.: the urine flow fell - 
immediately to the minimum, and during the first 1J minutes after the 
end of the stimulation the average rate of flow was only 0-5 c.c./min. 
A rapid recovery towards the diuretic rate then fo flowed, and 8 minutes 
after the stimulus (the time of the greatest inhibition in fig. 1, a) the 
rate was 2*3 c.c./min. The contrast between the time courses of these 
two inhibitions is clearly shown by reference to the vertical lines drawn 
in the graphs at 2 and 8 minutes after the end of the stimulus. 

Thus are found in the same dog two inhibitions of quite distinct 
time characteristics — a rapid inhibition which reaches its maximum 
immediately after the stimulus and which has practically vanished 
within 10 minutes, and a slow inhibition which only reaches its greatest 
intensity in about 8 minutes and from which the rate of urine flow only 
slowly recovers. In the majority of the tests on the 21 normal bitches 
used in this investigation, the response 7 was predominantly of one or 
other of these two types ; but in a few instances emotional stress caused 
an inhibition of water-diuresis in which both types could be clearly 
seen. One such example, obtained in the same animal as were the 
responses in fig. 1, a and 6, is shown in fig. 1, c. The first stimulus of 
30 seconds duration, applied 43 minutes after the test dose of water, 
resulted in only a small rapid inhibition. A second and stronger 
stimulus, also lasting 30 seconds, produced first a rapid inhibition in 
which the flow was only 1 c.c./min. 2 minutes after the end of the 
stimulation; the rapid recovery from this was, however, interrupted 
by a slower inhibition in which the rate of flow fell to 1*4 c.c./min. 
10-12 minutes after the stimulus. Thereafter the rate of flow steadily 
recovered towards its diuretic level. There were, then, in this test two 
phases of inhibition, the first corresponding in its time course with the 
rapid type of inhibition illustrated in fig. 1 , b, the second corresponding 
with the slow inhibition of fig. 1 , a. In all, 12 tests of the effect of 
faradic stimulation on water-diuresis were made with this animal before 
operation ; 7 of these gave inhibitions of the rapid tjqm with no readily 
distinguishable slow component; in one test (fig. 1, c) the inhibition 
was clearly a compound of fast and slow types, the slow component 
being of small degree; and* the remaining 4 tests gave large slow 
inhibitions in which recovery from any rapid component would be 
obscured. 

Of 21 bitches which have been used, only 3 gave regularly a large 
slow inhibition of water-diuresis of the type of fig. 1, a in response to 
30-G0 seconds faradic stimulation; 7 of the bitches always gave a rapid 
inhibition of the type of fig. 1, b or the first response in fig. 1, c; the 
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of five weeks, and before any operative interference other than peri- 
neotomy. Fig. 1, o shows a response similar to that described by 
Rydin and Verney [1938]: 43 minutes after the test dose of water the 



Fig. 1. — Inhibitions of water-diuresis by emotional stress in a normal bitch, 
“Slops,” wt. =9*5 kg. (a) 7/8/41: at S, 30 seconds faradic stimulation by 
needle electrodes inserted through the skin of the flanks. (6) 11/9/41: at S, 

60 seconds faradic stimulation; at A, intravenous injection of 40 fx g. adrenaline. 

(c) 12/8/41: at S 2 , 30 seconds mild faradic stimulation; At S 2 , 30 seconds 
stronger faradic stimulation. ( d ) 11/8/41 : at P, intravenous injection of 1-0 mil. 
post-pituitary activity. In this and in all subsequent figures, abscissas are 
minutes after the test dose of 300 c.c. water given at zero time; ordinates are the 
rates of urine flow in c.c ./min. In all cases the vertical lines 2, 8 are drawn 2 and 
8 minutes respectively after the end of the stimulus or injection. 

rate of urine flow was steady at 3*4 c.c./min.; a weak faradic stimulus 
was then applied for 30 sec. by means of needle electrodes inserted 
/ k j-jjg skin of the flanks, and the urine flow fell in consequence 
* c c /min. It is especially to be noted that the maximum inhibi- 
? of urine flow is not reached until 8 minutes after the end of the 
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period of stimulation, and that recovery towards the diuretic level is 
slow, a rate of 2 c.c./min. not being reached again until 40 minutes 
after the stimulus. Fig. 1, 6 shows an inhibition of similar maximal 
intensity but of entirely different time course. In this instance 
electrical stimulation was applied for 60 sec.: the urine flow fell ■ 
immediately to the minimum, and during the first li minutes after the 
end of the stimulation the average rate of flow was only 0*5 c.c./min. 
A rapid recovery towards the diuretic rate then followed, and 8 minutes 
after the stimulus {the time of the greatest inhibition in fig. 1, a) the 
rate was 2*3 c.c./min. The contrast between the time courses of these 
two inhibitions is clearly shown by reference to the vertical lines drawn 
in the graphs at 2 and 8 minutes after the end of the stimulus. 

Thus are found in the same dog two inhibitions of quite distinct 
time characteristics — a rapid inhibition which reaches its maximum 
immediately after the stimulus and which has practically vanished 
within 10 minutes, and a slow inhibition which only reaches its greatest 
intensity in about 8 minutes and from which the rate of urine flow onlj r 
slowly recovers. In the majority of the tests on the 21 normal bitches 
used in this investigation, the response 7 was predominantly of one or 
other of these two types ; but in a few instances emotional stress caused 
an inhibition of water-diuresis in which both types could be clearly 
seen. One such example, obtained in the same animal as were the 
responses in fig. 1, a and b , is shown in fig. 1, c. The first stimulus of 
30 seconds duration, applied 43 minutes after the test dose of water, 
resulted in only a small rapid inhibition. A second and stronger 
stimulus, also lasting 30 seconds, produced first a rapid inhibition in 
which the flow was only 1 c.c./min. 2 minutes after the end of the 
stimulation; the rapid recovery from this was, however, interrupted 
by a slower inhibition in which the rate of flow fell to 1*4 c.c./min. 

' 10-12 minutes after the stimulus. Thereafter the rate of flow steadily 
recovered towards its diuretic level. There were, then, in this test two 
phases of inhibition, the first corresponding in its time course with the 
rapid type of inhibition illustrated in fig. 1,6, the second corresponding 
with the slow inhibition of fig. I, a. In all, 12 tests of the effect of 
faradic stimulation on water-diuresis were made with this animal before 
operation ; 7 of these gave inhibitions of the rapid type with no readily 
distinguishable slow component; in one test (fig. 1, c) the inhibition 
was clearly a compound of fast and slow types, the slow component 
being of small degree; and. the remaining 4 tests gave large slow 
inhibitions in which recovery from any rapid component would be 
obscured. 

Of 21 bitches which have been used, only 3 gave regularly a large 
slow inhibition of water-diuresis of the type of fig. 1, a in response to 
30-60 seconds faradic stimulation ; 7 of the bitches always gave a rapid 
inhibition of the type of fig. 1 , 6 or the first response in fig. 1 , c; the 
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remaining 11 animals sometimes gave one type, sometimes the other, 
and, less commonly, mixed inhibitions in which both types could be 
recognised- In all, 126 tests have been carried out on the 21 animals, 
and of these 63 are best classed as rapid inhibitions, 30 were large slow 
inhibitions, and 33 were of mixed type, although the two successive 
inhibitions were not always as clearly characterized as in fig. 1, c. By 
variation in the strength or duration of the electrical stimulus attempts 
were made to N obtain regularly a slow response in those animals which 
gave inconsistent inhibitions: these were unsuccessful. Thus, with the 
dog “ Slops” , (fig. 1), a series of tests with a stimulus of 60 seconds 
duration revealed inhibitions of all types and in about the same pro- 
portions as a series of tests with a stimulus of only 30 seconds duration. 
With repeated tests some dogs showed signs of alarm as soon as prepara- 
tions were made for the application of the stimulus, while others did 
not; but in either case it was not possible by repeated testing to obtain 
more consistent responses. Indeed, we would emphasize that no 
conditions of electrical stimulation have been found under which one 
or other type of inhibition was more liable to occur. Emotional stress 
from the noise of a “ Klaxon ’ 9 horn also produced inhibition of the 
rapid, the slow, or the compound tj^pe. 

Rydin and Yerney [1938] compared the slow type of inhibition with, 
the inhibition wideh results from the intravenous injection of a small 
dose of pituitary (posterior lobe) extract. Their observation of the 
similarity in the time courses of these two inhibitions has been repeatedly 
confirmed in this work, the inhibition due to posterior lobe extract 
also reaching its maximum intensity 7 to 12 minutes after the injection 
and slowly disappearing* (cf. fig. 1, a and d). Rydin and Verney also 
investigated the inhibitions of water-diuresis which resulted from brief 
mechanical compression of the renal artery and from the intravenous 
injection of adrenaline. Compression of the renal artery during water- 
diuresis caused cessation of the urine flow from the one kidney for as 
long as the compression lasted; rapid recovery in the rate of flow began 
2-3 minutes after the release of the compression and was complete 
within 5 minutes (see fig. 19 of the paper by Rydin and Verney, 1938). 
Adrenaline (20-40 /xg.), injected intravenously into a dog during water- 
diuresis, also produced a transient inhibition, and this fact has been 
repeatedly confirmed in the present experiments (see figs. 1, b and 
6, b). The rapid inhibition of water-diuresis by emotional stress and 
the inhibitions due to brief compression of the renal artery or the 
injection of adrenaline have, therefore, one strildng similarity in that 
the recovery of urine flow is rapid and complete. We are thus led to 

i The extract was th at marketed by Messrs. Burroughs Wellcome under the 
“BAundm” and standardized to contain 10 oxytocic units per c.c. Tho 
term milli-unit (mU.) is used to indicate the antidiuretic activity of c.c. of 

the extract. 
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the view that the rapid inhibition is the result of vasoconstriction in 
the kidney and that the slow inhibition is due to the release of an 
antidiuretic substance from the posterior lobe of the pituitary. Experi- 
ments designed to furnish direct evidence in connexion with these 
hypotheses will now be described. 


The Effect of Removal of the Posterior Lobe of the Pituitary . 

With the three animals which regularly gave only a large slow 
inhibition of water-diuresis in resj^onse to 30-60 seconds faradic 
stimulation it was found that, after removal of the posterior lobe of 
the pituitary, the same stimulus invariably caused no or only a very 
small slow inhibition; but a rapid inhibition whose recovery before 
operation had been concealed by the large slow inhibition now appeared. 
Kg. 2 shows the results of such experiment with the bitch <e Little 
Black. 55 This animal before operation always gave a large and pro- 
longed slow inhibition of water-diuresis in response to 2 or 3 brief 
(about 1 second duration) electrical shocks at 10-second intervals, the 
result of one such test being plotted in fig. 2, a. The posterior lobe of 
the pituitary was then removed, and fig. 2, 6 and c show the inhibitions 
produced by the same stimulus 40 and 42 days after operation. In 
fig. 2, b the inhibition is of the rapid type with no suggestion of a slow 
component, while in fig. 2, c the rapid inhibition is followed by a slow 
inhibition which is, however, very small in comparison with that 
observed before removal of the posterior lobe (fig. 2, a). 

In fig. 3 are shown the results of an experiment on an animal where 
in most tests before operation the rapid inhibition was not obscured by 
a slow inhibition. Before removal of the posterior lobe a rapid inhibi- 
tion alone was observed in 6 out of 7 tests, fig. 3, a being a typical 
example; in the remaining 2 tests mixed inhibitions like that of fig. 3, 6 
were seen. The posterior lobe was then removed, and one month later 
the results given in fig. 3, c and d were obtained. The slow inhibition 
was now absent (fig. 3, c), or of small degree (fig. 3, d), but a rapid 
inhibition at least as large as those observed before hypophyseetomy 
appeared in all tests. 

Removal of the posterior lobe, then, abolishes or greatly diminishes 
the sloiv type of inhibition of water-diuresis, but leaves the rapid type 
of inhibition apparently unchanged. The next experiments were 
designed to determine the effect of denervation of the kidneys and 
suprarenals on the rapid type of inhibition on the one hand and on the 
slow type on the other. 
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jtjq 2 . Water-diuresis curves illustrating the experiment on the hitch " Little 

Black v ivt. —10 kg. (a) 15/9/39: before any operation; at S, 2 brief electrical 
c-hnnki at *10 seconds interval, each of about 1 second duration. 29/9/39: 
removal of the posterior lobe of the pituitary. (6) 8(11/30 and ( c ) 10/11/39: 
. q <> brief electrical shocks. 21/11/39: denervation of kidneys and suprarenals. 
" (d) 1/12/39 and (c) 12/12/39: at S, 2 brief electrical shocks. 
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Fia. 3. — Water-diuresis curves illustrating the experiment on “Scotty,” 
•wt. s=7 kg. 4/6/43: right kidney removed, (a) 1/10/43 and (6) 30/9/43: at S, 
3 brief electrical shocks. 8/10/43: removal of the posterior lobe, (c) 15/11/43 
and (d) 0/11/43: at S, 2 electrical shocks. 30/11/43: denervation of the supra- 
renals and left kidney, (e) 22/12/43: at S, 2 electrical shocks. 


The Effect of Section of the Splanchnic Nerves , Removal of the Seco?id, 
Third , and Fourth Lumbar Sympathetic Ganglia and Denervation 
of the Kidney * 

The operative procedure consisted of: first, the section between 
ligatures of all connexions of each kidney except the vessels and the 
ureter, winch were then carefully denuded of all visible connective and 
nervous tissue; secondly, the removal of the second, third, and fourth 
lumbar sympathetic ganglia on each side together with their inter- 
connexions; thirdly, section of the splanchnic nerves, care being taken 
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to clear the edge of each crus of the diaphragm and so divide any small 
twigs passing to either suprarenal gland; and fourthly, replacement of 
the kidneys into their natural positions by tying together each pair of 
ligatures between which the peritoneal attachments of the kidneys had 
been divided. For convenience the operation will be referred to as 
“denervation,” and the indirect evidence which has already been 
presented would lead one to expect that “denervation” would diminish 
the rapid inhibition of water-diuresis but would leave the slow inhibition 
unchanged. 

But when “denervation” was performed on dogs with the posterior 
lobe still intact, an unexpected result appeared. It was found that 
after “denervation,” emotional stress invariably caused a large slow 
inhibition of water-diuresis, whatever had been the nature of the 
inhibition before “denervation.” In fig. 1 have been given the different 
types of inhibition produced in “Slops” before any operative inter- 
ference, a slow inhibition appearing in only 4 out of 12 tests; fig. 4 
shows a typical inhibition resulting from the same faradic stimulus after 
“denervation.” All of six tests then resulted in slow inhibitions larger 
or as large as that shown in fig. 4. The bitch “Tanner II” (fig. o) 
provided another example of this effect of “denervation.” Fig. 5, a 
shows a rapid inhibition, which was the only type clearly seen in a 
series of tests before operation. Fig. 5, b shows the inhibition after 
“denervation” — a large slow inhibition. The inhibitions in this animal 
were assayed in terms of post-pituitary extract. Before operation 
5 tests were made of the effect of an electrical stimulus of 60 seconds 
duration, and in each instance any slow component was clearly less than 
the inhibition produced by the intravenous injection of 0*5 mU. After 
“denervation” 6 similar tests were made; 5 gave slow inhibitions 
assayed as the equivalent of 5~10 mU., while in one instance, where the 
stimulus was a very mild one, the slow inhibition was accurately matched 
by the inhibition produced by 1*0 rail. 

This effect of “ denervation” was regularly seen. “Denervation” 
was performed on 11 dogs, and in every case there was a clear increase 
in the slow inhibition, so that the stimulus which before operation 
caused either no slow inhibition or an inconstant one, after operation 
always caused a large slow inhibition. Later in this paper experiments 
will be described which elucidate the nature of this new phenomenon. 

The large slow inhibition after “denervation” prevents a clear 
answer to the question whether the rapid inhibition is abolished by the 
operation designed to prevent vasoconstriction in the kidney during the 
emotional stress. The question was answered, however, by determining, 
after removal of the posterior lobe, the effect of “denervation” on the 
rapid type of inhibition. This was done on the dog “Little Black” 

2) Originally this dog was one of the three in which emotional 
stoss during water-diuresis always resulted in a large slow inhibition; 
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and attention has already been drawn to the fact that, after removal 
, of the posterior lobe, emotional stress now produced a definite rapid 



Fig. 4. — Continuation from fig. 1 of the experiment on “Slops.” 27/10/41: 
denervation of the kidneys and suprarenals. 10/11/41: at S, 30 seconds faradic 

stimulation. 



28/10/42: denervation of the kidneys and suprarenals. (6) 24/11/42: at S, 
60 seconds fa radio stimulation. 


inhibition with either no or only a small slow inhibition (fig. 2, b and c). 
“Denervation 51 was then performed and the tests were again applied. 
It was now found that either no inhibition (fig. 2, d) or only a small 
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slow inhibition occurred (fig. 2, e), Thus in this animal the rapid 
inhibition was abolished by removal of the nerve supply to the kidneys 
and suprarenal glands. Another similar experiment was carried out on 
“Scotty” (fig. 3); in this case also a large rapid inhibition was observed 
after removal of the posterior lobe but before “denervation” (fig. . 3,0 
and d). Kg, 3, e shows a typical inhibition by emotional stress after 
“denervation” and, despite the rather large residual slow inhibition, it 
is clear that the rapid component has almost or entirely vanished. 

Since the rapid inhibition has a recovery course similar to that of 
the inhibition of urine flow produced by mechanical obstruction of the 
renal artery or by the injection of adrenaline, and since it is not observed 
after destruction of the nerve supply to the kidneys and to the supra- 
renals, the rapid inhibition is presumably due to constriction of the 
renal vessels. It has been established that the slow inhibition is due 
to the release of antidiuretic substance from the posterior lobe of the 
pituitary, and it is now of interest to determine the way in which the 
nerve supply to the kidneys and snprarenals interferes with the expres- 
sion of the slow component of the inhibition. 


The Effect of Adrenaline on the Inhibition of Water-Diuresis by 
Emotional Stress and by Pituitary {Posterior Lobe) Extract . 

It has been shown earlier in this paper that after “denervation” 
emotional stress during water-diuresis always results in a slow inhibition 
of urine flow, even with dogs which before operation gave either no or 
an irregular slow inhibition. One effect of “denervation” must be to 
limit the output of adrenaline during the emotional stress ; and so the 
first investigation was to determine whether a slow inhibition could be 
modified by the injection of adrenaline before the application of the 
stimulus, as in the following experiment. We have already seen that, 
with the dog “Tanner II” before operation, a 60-second stimulus 
caused only a rapid inhibition of water-diuresis with no sign of a slow 
component, but that after “ denervation ” the same stimulus caused a 
large slow inhibition (fig. 5, a and 6), In B of fig. 6, a is shown another 
large slow inhibition produced after “denervation.” The next day the 
same stimulus was applied at the same time after the test dose of water ; 
but 30 seconds before the beginning of the 60-second stimulus 15 of 
adrenaline as the tartrate had been injected intravenously; graph A of 
the figure shows the result. There was first a large rapid inhibition of 
nrine flow due to the adrenaline, but the rate then recovered rapidly 
and 8 minutes after the stimulus it had reached 75 per cent, of its 
diuretic value. In B of fig. 0, b is shown another response to emotional 
stress preceded by 15 pg. adrenaline, and in this instance the inhibition 
j s compared with that resulting from adrenaline alone (graph A): 
there is very little difference. Thus, if the stimulus is preceded by the 
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injection of adrenaline, no large slow inhibition appears. Graph A of 
fig. 6, c shows an inhibition produced by the injection of 15 /xg. adrena- 
line followed 45 seconds later by 0*5 mU. post-pituitary extract at the 



Fig. 6, — Water-diuresis curves illustrating a further experiment on “Tanner II.” 
28/10/42: denervation of kidneys and suprarenals. (a) Graph A, 26/11/42: at I, 
intravenous injection of 16 pg. adrenaline in 0*5 c.c. of 0*9 per cent. Ki aCl, followed 
30 seconds later (S) by 60 seconds faradic stimulation. Graph B, 27/11/42: the 
same experiment as on 26/11/42 but at I, 0*5 c.c. of 0*9 per cent. NaCl was 
injected. (6) Graph A, 30/11/42; at X, 15 pg. adrenaline intravenously. Graph B, 
1/12/42: at I, 15 pg. adrenaline intravenously, followed 30 seconds later at S by 
60 seconds faradic stimulation (as in the experiment of 26/11/42). (c) Graph A, 

2/12/42: at I, 15 pg. adrenaline, followed 45 seconds later at P by 0*5 mU. post- 
pituitary activity. Graph B, 17/12/42: at P, 0*5 mU. alone, (d) Graph A, 
3/12/42: at I, 15 pg. adrenaline intravenously, followed 30 seconds later at P 
by 1*0 rail, post-pituitary activity. Graph B, 4/12/42: at P, 1*0 toll, alono. 

same time after the administration of water as the injections and 
stimulations in fig. 6 , a and b. Comparison of fig. 6 , b and c shows that 
the recovery of the inhibition is definitely slower in A, fig. 6, c, than 
in B } fig. G, by so that any slow component produced by the stimulus 
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after the injection of adrenaline is less than the slow inhibition produced 
by 0-5 mU. of the extract. On the other hand, if the stimulus we 
applied with no injection or after an injection of physiological saline 
the slow inhibition which resulted was equivalent to that produced by 
between 5 and 10 mU. Three tests on “Tanner II” (after denervation) 
of the effect of stimulation preceded by adrenaline all gave inhibitions 
barely different from the inhibition resulting from adrenaline alone, any 
slow component being of the same order as the inhibition produced by 
0*3 mU. of the extract. This experiment has been attempted on 4 dogs, 
and in 3 of them the prevention of, a slow inhibition by doses of 15 and 
20 fig, adrenaline wms clearly shown. With the third animal (“Slops”; 
figs. 1 and 4) no such effect with doses up to 40 fig. was obtained. Figs. 
1 and 4 show that after “denervation” the slow inhibition was indeed 
greatly increased in this animal, and it was expected that this increase 
would be suppressed or diminished by adrenaline. We are unable to 
account for the failure to demonstrate such an effect in this dog, unless 
it be that as a result of the animaFs experience of the experimental 
procedure and consequent foreknowledge of its probable course, the 
release of pituitary antidiuretic substance was proceeding before the 
actual injection of the drug. 

Thus, after splanchnic section and denervation of the kidneys and 
suprarenals, when emotional stress during water-diuresis invariably 
causes a large slow inhibition, adrenaline injected before the stimulus 
usually prevents the slow inhibition from appearing. Seeking the 
explanation of this action of adrenaline two possibilities come to the 
mind: either the adrenaline interferes with the liberation of the anti- 
diuretic substance from the posterior lobe during emotional stress, or 
the antidiuretic substance is liberated but is unable to act on the kidney 
in the presence of adrenaline. The results given in fig. 6, c and d lend 
no support to the second of these possibilities. In fig. 6, c comparison 
is made between the inhibition produced by 0*5 mU. post -pituitary 
extract and that produced by the same dose preceded by 15 fig. 
adrenaline. It is apparent that the inhibitions differ only during the 
first 8 minutes, while the rapid inhibition due to the adrenaline is still 
present. Thereafter the inhibitions are of equal degree and follow a 
similar time course. Again, in fig. 6, d adrenaline has not significantly 
altered the inhibition produced by 1*0 mU. of post-pituitary activity. 
This observation has been repeated many times with doses of post- 
pituitary extract ranging from 0*5-10 mU. and with differing time 
intervals between the injections, but never has evidence been found 
that the inhibition of water-diuresis by post-pituitary extract is modified 
'by the injection of 15-40 fig. adrenaline. The failure of the slow 
inhibition to appear when emotional stress is produced after the injection 
• of adrenaline cannot, then, he explained by .an inability of released 
antidiuretic substance to act on the kidney already under the influence 
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of adrenaline. Unless one postulates a difference in this respect between 
the antidiuretic substance released from the gland in the body and that 
present in extracts of the posterior lobe, one must conclude that the 
failure of the slow inhibition to appear in the experiments illustrated in 
fig. 6, a and b is due to the injected adrenaline preventing the release of 
antidiuretic substance during emotional stress. 

The irregular appearance of the slow (pituitary) inhibition in normal 
dogs becomes explicable in terms of these findings, the increase in 
sympathetic activity during the emotional stress inhibiting in varying 
degree the liberation of antidiuretic substance from the posterior lobe. 


Discussion. 

Previous papers by By din and Verney [1938] and O’Connor and 
Verney [1942] on the inhibition of water -diuresis by emotional stress 
have dealt solely with the slow inhibition, and the fact of the release 
of an antidiuretic substance from the posterior lobe of the pituitary has 
been discussed in relation to the theory of the control of urine secretion 
by a hormone of the neurohyp ophysis. The two additional observations 
reported in this paper have each been shown to be manifestations of 
increased activity of the sympathetic system. First, a rapid type of 
inhibition of water-diuresis has been disclosed, and its dependence upon 
the integrity of the sympathetic supply to kidneys and suprarenals 
- demonstrated. Secondly, increased sympathetic activity inhibits the 
release of antidiuretic substance from the posterior lobe during emotional 
stress, and after “denervation 55 this effect is reproducible by the intra- 
venous injection of adrenaline immediately before the stimulus is applied. 
Indeed, the effect of adrenaline followed by 60 seconds faradic stimula- 
tion in the animal after “denervation” resembles very closely the effect 
of the stimulus alone before denervation (c/. fig. 6, b, graph B, and 
fig. 5, a). The experiments do not establish that adrenaline is specifi- 
cally the cause of the failure of release of antidiuretic substance. Both 
the injection of adrenaline and the increased sympathetic activity during 
emotional stress in the normal dog result in an increase in blood pressure, 
and it is possible that the consequent stimulation of vasomotor receptors 
leads to the block in the central nervous system which prevents* the 
release of the antidiuretic substance. Similarly, “denervation” does 
not enable us to distinguish between the role of the renal sympathetic 
nerves and that of the release of adrenaline, in the rapid type of inhibi- 
tion observed in the normal animal; presumably both functions 
participate. 

Some of the animals were kept for as long as 8 months after section 
of the splanchnics and denervation of the kidneys and suprarenals. 
It was observed that the rapid inhibition, abolished by “denervation/ 5 
reappeared in about 4 months, but was still of reduced size 8 months 
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after the operation. Similarly, one animal kept with intact posterior 
lobe for 7 months after “ denervation” gave throughout a large slow 
inhibition of water-diuresis in each test of the effect of emotional stress. 
It is evident that there is'only slow and incomplete sympathetic recovery 
after this operation. 


Summary. 

1- Tests of the effect of emotional stress produced by 30-60 seconds 
faradic stimulation during water-diuresis in normal dogs have revealed 
two types of inhibition of urine flow : a rapid inhibition which is abolished 
by section of the splanchnics and denervation of the kidneys and supra- 
renal (“denervation”), and a sloio inhibition due to release of anti- 
diuretic substance from the posterior lobe of the pituitary. 

2. In 21 normal bitches, 3 gave large slow inhibitions in all tests, 7 
always gave rapid inhibitions only, and 11 gave a large slow inhibition 
in some tests. After “denervation” a large slow inhibition was found 
in all tests in all animals. 

3. The slow inhibition thus revealed could be prevented by the 
injection of adrenaline just before the application of the faradic stimulus. 

4. Adrenaline did not diminish the inhibition produced by the 
injection of post-pituitary extract. 

5. It was concluded therefore, that after an injection of adrenaline, 
the resultant absence of the large slow inhibition produced by emotional 
srtess in the “denervated” animal was due to failure of release of the 
antidiuretic substance, and not to failure of the released substance to 
act on the kidney. 

6. The irregular appearance of the slow- inhibition in normal dogs 
is thus explicable in terms of failure of the release of antidiuretic 
substance from the posterior lobe owing to increased sympathetic 
activity during emotional stress. 

7. Evidence has not yet been sought to determine the relative roles 
of adrenaline and the renal nerves in the rapid type of inhibition, nor 
to decide whether the prevention of release of the antidiuretic hormone 
is due to adrenaline specifically or to an increase in arterial pressure. 
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NORMAL HEMATOLOGICAL STANDARDS AT AN ALTITUDE 
OF 5740 FEET (WITWATERSRAND, SOUTH AFRICA). By 
H. I. Lttbie, M.B., Ch.B., B.Sc. From tlie South African 
Institute for Medical Research, Johannesburg. 

(Eeceived for publication 15th April 1944.) 

- Introduction. 

Sikge 1932 several studies of the erythrocyte and hemoglobin levels in 
normal subjects living at this altitude have been published. While most 
of the results indicate that the red-cell count is appreciably higher than 
that at sea-level, all the figures for the hemoglobin appear to be the same 
or even lower than the values at sea-level. This discrepancy is probably 
due to the fact that the haemoglobinometers used were based on the 
principle of colour matching, and the readings on such instruments are 
subject to great individual variation. The haemoglobin results in this 
study were obtained on a Klett-Summerson photo-electric colorimeter. 
This instrument measures the intensity of the colour by means of a 
photo-electric cell and is not infhienced by any personal factor. 

As this accurate instrument was not available to the previous 
South African authors, its acquisition provided an opportunity to study 
. haemoglobin standards anew. Eiythrocyte levels were re-investigated 
and normal standards were determined for the mean corpuscular volume, 
mean corpuscular hemoglobin, mean corpuscular haemoglobin con- 
centration, saturation index, volume index, and diameter of the red cells, 
which until now have not been recorded for the Witwatersrand. 

Material akd Method. 

The subjects were European males and females, 30 of each sex, 
between the ages of eighteen and forty years, who enjoyed normal health 
and had lived at this altitude for at least one year. 

The blood was collected between 8 a.m. and 9 a.m. each day. Three 
c.cm. of blood were withdrawn from the cubital vein with a dry needle 
and syringe. Care was taken to avoid any stasis by the removal of the 
tourniquet as soon as the needle found the vein. The needle was 
removed from the syringe before the blood was transferred to a tube 
containing 2*4 rngrn. of potassium oxalate and 3*6 mgrn. of ammonium 
oxalate. The tube was corked with a clean dry rubber stopper and 
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after the operation. Similarly, one animal kept with intact posterior 
lobe for 7 months after “denervation” gave throughout a large slow 
inhibition of water-diuresis in each test of the effect of emotional stress. 
It is evident that there is only slow and incomplete sympathetic recovery 
after this operation. 

StfMMABY. 

1. Tests of the effect of emotional stress produced by 30-60 seconds 
faradic stimulation during water-diuresis in normal dogs have revealed 
two types of inhibition of urine flow : a rapid inhibition which is abolished 
by section of the splanchnics and denervation of the kidneys and supra- 
renal (“denervation”), and a slow inhibition due to release of anti- 
diuretic substance from the posterior lobe of the pituitary. 

2. In 21 normal bitches, 3 gave large slow inhibitions in all tests, 7 
always gave rapid inhibitions only’', and 11 gave a large slow inhibition 
in some tests. After “denervation” a large slow inhibition was found 
in all tests in all animals. 

3. The slow inhibition thus revealed could be prevented by the 
injection of adrenaline just before the application of the faradic stimulus. 

4. Adrenaline did not diminish the inhibition produced by the 
injection of post-pituitary extract. 

5. It was concluded therefore, that after an injection of adrenaline, 
the resultant absence of the large slow inhibition produced by emotional 
srtess in the “denervated” animal was due to failure of release of the 
antidiuretic substance, and not to failure of the released substance to 
act on the kidney. 

6. The irregular appearance of the slow inhibition in normal dogs 
is thus explicable in terms of failure of the release of antidiuretic 
substance from the posterior lobe owing to increased sympathetic 
activity during emotional stress. 

7. Evidence has not yet been sought to determine the relative roles 
of adrenaline and the renal nerves in the rapid type of inhibition, nor 
to decide whether the prevention of release of the antidiuretic hormone 
is due to adrenaline specifically or to an increase in arterial pressure. 
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Factors were obtained by dividing the ordinate by the abscissa. 
The average of these factors was then adopted as the correct factor and 
a line drawn on the graph to coiTespond to it. The maximum error was 
found to he ±4*5 xxer cent. 

Hcemoglobin.—S c.cm. of N/10 HC1 were measured with a standard- 
ized pipette into each of two test-tubes. 0*02 c.cm. of blood was then 
transferred to each of these tubes of acid, which were immediately 
corked, shaken, and allowed to stand for 24 horn's at room temperature. 
Readings were then taken with the Klett-Summerson colorimeter using 
the green filter. The average reading of the two samples was converted 
into grams of haemoglobin by multiplying by the factor. 

Erythrocyte Count . — Both a Thoma-Zeiss and a Trenner pipette were 
used on each case. A watchmaker’s lens was used to obtain greater 
accuracy in the filling. The diluent was Hayem’s fluid. The charged 
pipettes were shaken in a mechanical shaker for 15-30 minutes. Two 
Thoma-Zeiss hsemocytometers without clips were used. These counting 
chambers and the cover-glasses were cleaned with acetone and polished 
with chamois leather before each count. Care was taken that Newton’s 
rings were observed when the cover-glasses were placed in position. As 
soon as the pipette was removed from the shaker, the fluid was expelled 
by blowing until the bulb was half empty. The hsemocytometer was 
filled in the usual manner, care being taken to avoid any air bubbles or 
overflow into the gutters, and after a few minutes the cells were counted. 
An area corresponding to 240 small squares or 0*6 sq. mm., i.e. approxi- 
mately 1500 cells, was counted in each chamber. Lilmaitzky [1934] 
showed that if 200 squares are counted, 9 per cent, of determinations will 
have an error of more than 250,000 per c.mm. and 0*8 per cent, more 
than 400,000 per c.mm. Ponder [1934] states that if 1000 red cells 
are counted the error is ±3 per cent., and Osgood [1940] found 
that if 1200 cells are counted the true count lies within 6 per cent, 
of the figure obtained. It would appear, therefore, that if 480 squares 
(or approximately 3000 cells) are counted the error is practically 
negligible. 

The total figure from each counting chamber was divided by 3 and 
multiplied by 10,000, giving the result in erythrocytes per c.mm. If 
the result of the Zeiss and Trenner pipettes differed by more than 200,000 
per c.mm., then the results were discarded and new dilutions prepared. 
The two figures were then averaged. 

The calibration of the hsemocytometers was checked by doing several 
ixarallel counts on Burker-Turk and Levy-Hauser counting chambers 
with clips. 

All pipettes were calibrated with mercury. They were cleaned with 
bichromate mixture followed by distilled water between each count. 
The}" were thorough^ dried by sucking acetone and then air through 
them by means of a suction pump. 
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immediately placed in a mechanical shaker and shaken for 10 minutes. 
This shaking was continued between each withdrawal of a sample. 

' Calibration of Colorimeter . 

Six samples of blood were used. Their haemoglobin values were 
determined by means of Van Slyke’s oxygen capacity, Wong's iron 



Calibration of Klett-Summerson colorimeter. Acid hscmatin (dilution 1: 400). Green filter 
Factors: Evelyn 0-099, Evelyn 0-102, Van Slyko 0-1025, Pulfrich 0-1037, Wong 0-10S. 
Calculated average factor 0-103. 

Maximum error ±4*5 per cent. 

a=Evelyn; b — Evelyn; c=VanSlyke; d=average; e— Pulfrich; /= Wong. 

estimation, and the alkaline hcematin methods using the Pulfrich photo- 
meter and a standardized Evelyn photo-electric colorimeter. At- the 
same time 0*02 c.cm. of blood from each sample was mixed with 8 c.cm. 
oftf/io hydrochloric acid. These were corked, well shaken, and allowed 
to stand at room temperature for 24 hours. After this time, readings 
Tvere taken on the Klett-Summerson colorimeter using the green filter 
with a maximum transmission of 540 m/z. 

Graphs were then drawn with the hemoglobin value as the ordinate 
and the colorimeter reading as the abscissa. Each method of estimating 
ike hemoglobin was found to give .a straight line. 
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In each case the diameters of 300-400 cells were measured, curves 
drawn according to Price-Jones, and the mean diameters determined. 




Fig. 4. — Female (subject No. 16). 

M —6*9841 (i . a —0*5298 fi . v ==7*6 per cent. 

Fig. 5. — Female (subject No. 15). 

M— 7*1916 ff. a =0*6473 ft. v =9*0 per cent. 


Mean Corpuscular Average Thickness (M.C.A.T .). — This was calcu- 
lated on the four cases whose diameters were determined according to 
the formula : 


Thickness — 


M.C.V. 

M.C.D.V 


The results are given in Table I (males), Table II (females), and 
figs. 2-5 (Price-Jones curves). 

Mean Corpuscular Diameter . — The mean diameters as determined 
by the Price-Jones curves were as follows: — 

Males 7*0175 and 6*8366 fu Mean 0*92705 p. 

Females 7*1916 and 0*9841 /a. Mean 7*08785 ft. 

Mean of four 7*0074 ft. 
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Packed Cell Volume (P.O.V.). — Wintrobe tubes were used. These 
were centrifuged at 3000 revolutions per minute for H hours. 

The figures in Tables I and II for the mean corpuscular volume 
(Jlf.C. I 7 .), mean corptiscular haemoglobin (M.C.B.), mean corpuscular 
hemoglobin concentration (M.C.H.C.), saturation index (£./.), volume 




Fig. 2 . — -Male (subject No. 1). 

M = 6»S3GG/r/. <x~0-04G5S /<. u=6-8 per cent. 

Fig. 3. — Male (subject No. 21). 

IVI = 7'0175 fi. <r-0’5222ju. v = 7*4 per cent. 

index (VJ-), and colour index ( C.I .) were obtained by the usual calcula- 
tions. In the case of tie saturation, volume, and colour indices the 
normal average figures used were those obtained in this study, not those 
triven by overseas workers. • 

° ^lean Corpuscular Diameter (M.C.D.).— Four subjects, 2 males ana 
2 females, were chosen at random. 'Thin blood films were made and 
• ™ or! 5 at el V fixed with Leishman’s stain for one minute. They were 
™ cashed with buffer solution diluted 1:1 with distilled water. 
T^ n 3 yfa g they were stained with 1 per cent, aqueous solution of 
•forone minute and again washed with the same buffer solution. 
Thefilms were then allowed to dry. 
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Mean Corpuscular Average Thickness . — The results were as follows 

Males ' 2*28 p, and 2*47 p. Mean 2*375 p. 

Females 2*22 p, and 2*29 p. Mean 2*255 p. 

Mean of four 2*31 p. 

In view of the close agreement of three results and the discrepancy of 
the fourth, an average of the three was also determined with a result of 

2*26 fi . > 

Discussion. 

Red-Cell Count . — The significant variations in the red-cell count 
obtained by the different workers on the Witwatersrand require con- 
sideration. The total number of red cells counted by the several 
investigators may account for variations in the results obtained. 
Emmerson [1932], Liknaitzky [1934], and Symons [1939] based their 
results on a count of 500-600 cells, whereas Murray and Lurie [1940] 
and Gorohovsky [1941] counted 1000, and in this study 7, 3000 red cells 
were counted in each case. Again, Emmerson, Liknaitzky, Symons, and 
Gorohovsky 7, used capillary blood, while Murray and Lurie and this 
study used venous blood. Price-Jones, Vaughan, and Goddard [1935], 
however, reported no significant difference in counts made from venous 
and capillary blood. The combination on the one hand of a count of 
500-600 cells made with capillary blood, and on the other a count of 
1000 and 3000 cells with venous blood may be factors accounting for the 
significant variations. 

It is undisputed that the red-cell count increases with altitude, bat 
the ratio of the rise in the red-cell count to the rise in altitude is not 
definite. Osgood and Ashworth [1937] state that the red cells increase 
by 50,000—100,000 per c.mm. per 1000 feet above sea-level. In Tabic V 
a series of values for sea-level is shown, with their corresponding values 
for this altitude according to the above principle. It will be seen that 
the results of Emmerson, Liknaitzky, Buchanan [1935], and Symons are 
slightly higher than the upper limits, while those of Murray and Lurie 
and Gorohovsky are slightly lower than the lower limits. The figure 
of 5*593 millions for males and 4*999 millions for females obtained in 
this study are almost identical with these lower limits. Andresen and 
Mugrage [1936], giving a figure of 5*42 millions for males at an altitude 
of 5280 feet (only 460 feet lower than that of the Witwatersrand), 
support the findings of Murray and Lurie, Gorohovsky, and this study. 
Their figure of 4*63 millions for females is appreciably^ lower than the 
figures given for sea-level (Table V). 

Hcemoglobin. — The great difference between the haemoglobin values 
reported by nil the previous workers on the Witwatersrand and those 
obtained in this study may be entirely explained by the types of 
hfemoglobinometers used. All the previous -workers, with the exception 



Previous Workers on the Witwatersrand. 
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Table V.-Compabison of the Results with Values given for Sea-Level and their Correction for the Altitude 

or THE WmVATEKSRAND. 
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* Fitzgerald’s law: For every 100-ram. fall in atmospheric pressuro there is an average rise of about 10 per cent, in haemoglobin, 
t Osgood and Ashworth: The red-cell count increases by 50,000 to 100,000 per thousand feet above sea-level. 
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Two males and five females had boon resident at this altitude for only a few weeks. 
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is for this reason that Liknaitzky, Symons, Murray and Lurie, and 
Goroliovsky obtained values lower than the lower limit of normal given 
by other workers (see Table III). Whitby and Britton [1942] give the 
normal range at 27-32 micromicrograms. While the figures obtained 
in this study are higher than the mean value for sea-level (see Table V), 
they are within the normal range. Andresen and Mugrage working at 
an altitude of 5280 feet give figures also higher than the mean and not 
very different from those obtained in the present work. It would appear, 
therefore, that the haemoglobin value rises proportionately with the 
red-cell count,, or even to a slightly greater extent, so that each red cell 
at this altitude contains as much as or slightly more haemoglobin than 
a red cell at sea-level. 

Mean Corpuscular Haemoglobin Concentration (M.C.H.C .). — The 
figures obtained in this study are similar to those of Andresen and 
Mugrage. They are within the normal limits given by Whitby and 
Britton (32-38 per cent.) and only very slightly higher than the mean 
(34 per cent.). 

Mean Corpuscular Volume (M.G.V .). — Hurtado found that at high 
altitudes the red cell is larger than at sea-level but contains less haemo- 
globin. Smith, Belt, Arnold, and Carrier, on the other hand, found that 
the red cell gets smaller with rise in altitude but contains as much as or 
more haemoglobin than at sea-level. The figures for the M.C.V. obtained 
in this study are within the normal limits given by Whitby and Britton 
(78-94 c./x) but slightly higher than the mean at sea-level (87*3 c./x). 
Andresen and Mugrage found the same at Denver. 

Mean Corpuscular Diameter ( M.C.D . ). — Although the volume of each 
red cell at this altitude is slightly greater than that at sea-level, its 
diameter is slightly smaller (7*0074 ^.). Price-Jones [1933] has shown 
that the normal range is from 6-7 to 7-7 p, with an average of 7*2 p. 

Mean Corpuscular Average Thickness ( M.C.A.T . ). — As the red cell 
has a slightly larger volume and smaller diameter than that of a red cell 
at sea-level, its thickness is slightly larger, 2*26 p. Price-Jones, Vaughan, 
and Goddard [1935] give the normal range as l*7-2*5 p, with a mean of 

2-1 p. 


Conclusion. 

The results of this study indicate that at an altitude of 5740 feet the 
number of red cells and the haemoglobin content of the blood is higher 
than at sea-level. The kcemoglobin rises proportionately with the red- 
cell count. Each red cell contains as much as or slightly more haemo- 
globin than does a red cell at sea-level. The red-cell volume is slightly 
larger, although its diameter is a little smaller. The thickness is greater 
than that of an average red cell at sea-level. These findings therefore 
suggest a tendency to a diminution in the diameter : thickness ratio. At 
high levels compensation occurs not only by an increase in the number 
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of Stammers [1933], used either the Haldane or the Neoplan h&mo- 
globinometer. This study was done with the Klett-Summerson photo- 
electric colorimeter. 

While it is possible that the amount of haemoglobin does not rise in 
proportion to the number of red cells with increase in altitude, it is not 
disputed that there is a rise. 

Schneider [1921] states that “the relation between the increase in the 
number of red-blood corpuscles and amount of haemoglobin has been a 
subject of debate. Schaumann and Rosenqvist, Oliver, Van Voornveld, 
and Fuchs, found that the increase in red cells exceeded that of hemo- 
globin, while Eggers and Dallwig, Koils and Lowenhart, report a much 
smaller increase in red-blood corpuscles than in hxmoglobin . The 
Anglo-American Pike’s Peak expedition in 1911 found the red-blood 
corpuscles to increase in equal proportion with the heemoglohiu, so that 
there was no alteration of the colour index. Biirker and collaborators 
at 6150 feet found the red-blood corpuscles to increase 4 to 11 *5 per cent, 
and the haemoglobin 7 to 10 per cent. Cohnheim and Schneider and 
Havens find the two changes run parallel.” 

Smith, Belt, Arnold, and Carrier [1925] found that with rise in 
altitude the increase in the erythrocyte count and in haemoglobin are 
almost equal, or if anything the rise in haemoglobin is slightly greater, 

Osgood states that at high altitudes the haemoglobin is not elevated 
to as great an extent as the erythrocytes, so that the colour and satura- 
tion indices tend to be lower than in persons at sea-level. Hurtado 
[1932] also found that with rise in altitude the haemoglobin does not 
increase proportionately with the red-blood corpuscles. 

There is no doubt that the red-cell count on the Witwatersrand is 
higher than that at sea-level. The figures for haemoglobin given by 
Stammers, Liknaitzky, Symons, Murray and Lurie, and Gorohovsky are 
lower than all except one figure for sea-level in Table V. It would 
appear, therefore, that their results are too low. 

In Table V, Fitzgerald’s law, stating that the hsemoglobin rises by 
10 per cent, for every 100 mm. mercury fall in barometric pressure, was 
applied to the seadevel figures. The means of 17*82 g. for males and 
15*69 g. for females are almost identical with the results obtained in this 
study (17*76 g. for males and 15*33 g. for females). Andresen and 
Mugrage found values of 16*64 g. for males and 14*43 g. for females at an 
altitude of 52S0 feet. These figures also, therefore, appear to confirm 
the results obtained in the present work. It is worthy of mention that 
Symons obtained a figure of 16*93 g. of luemoglobin for males using a 
colorimeter with a Newcomer standard. This he considered inaccurate, 
as it was so much higher than his results with the Haldane hsemo- 
globinometer and his modification of Wong’s iron estimation. 

6 $j e an Corpziscnlar Haemoglobin {M.C.H.).—The values for this are 
necessarily dependent upon the values for red cells and hcemoglobin . It 
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of erythrocytes, but also by an increase in the volume and haemoglobin 
content of each cell. 

Summary, 

1. A hmmatological study is described, based on the examination of 
normal European males and females, 30 of each sex, between the ages 
of eighteen and forty years, living at an altitude of 5740 feet. 

2. Normal values have been determined for tlie haemoglobin, red-cell 
count, packed cell volume, mean corpuscular volume, mean corpuscular 
haemoglobin, mean corpuscular lisemoglobin concentration, mean 
corpuscular diameter, and mean corpuscular average thickness. 

3. ' The mean red-cell count for males has been found to be 5*593 
millions per c.mm. and 4*999 millions per c.mm. for females, with hemo- 
globin values of 17*76 g. per cent, and 15*33 g. per cent, respectively 
The male red cell has a mean volume of 89*58 c./x and a mean corpuscular 
haemoglobin of 31*69 yy. The female red cell has a mean volume of 
90*42 c./x and a mean corpuscular haemoglobin of 30*65 yy. 

The mean diameter has been found to be 7*0074 ji and the mean 
thickness 2*26 /x. 

4. These results have been compared with those of previous workers 
on the W itwat er sr and , and other records found at similar altitudes m 
other parts of the world, 

5. The normal values obtained for this altitude have been compared 
with the normal values at sea-level. 
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OBSERVATIONS RELATING TO CARDIAC HYPERTROPHY 
PRODUCED IN THE' RABBIT BY ARTERIO-VENOUS 
ANASTOMOSIS: THE EPEECT OE CLOSURE OE THE 
ANASTOMOSIS. By Alan N. Dettry. From the Department 
of Pathology, University of Cambridge, and Lister Institute, 
London. 

(Received for publication 14 tk April 1944.) 

Holman [1937] came to the conclusion that, when, as a result of an 
arterio-venous fistula, large hearts are seen clinically and roentgeno- 
graphically, it is safe to assume that the enlargement is largely due to 
dilatation and only in moderate degree to hypertrophy. If* such is the 
case, removal of the fistula should restore the heart to normal size. On 
the other hand, he obtained in dogs, roentgenographic evidence of some 
slight permanent enlargement in some animals, and the weights of hearts 
removed at autopsy showed a definite increase in relation to body- 
weight to that found in normal animals. There is some difficulty in 
accepting these findings as evidence owing to the fact that the heart- 
weight to body-weight ratios vary considerably in dogs of different 
breeds. The work of Hermann [1926] on dogs showed that a relatively 
high grade of hypertrophy could be produced by carotid jugular fistulse, 
and this finding was borne out by the experiments carried out by Drury 
and Wigktman [1940] on rabbits. In that paper the effect of an arterio- 
venous anastomosis upon the heart was described in some detail. The 
chief findings reported were that within less than three months of 
establishing the anastomosis between the carotid artery and jugular vein, 
the heart may weigh twice the normal weight. This hypertrophy 
involves all the heart chambers, but while the increase in weight of the 
auricles may amount to 300 per cent., that of the ventricles seldom 
exceeds 100 per cent. 

In the present paper the effect of tying off the anastomosis upon a 
heart which is known to be hypertrophied has been investigated. These 
experiments have been carried out to determine whether hearts which 
had hypertrophied to a degree reported in the previous paper return 
to their normal weight, and how long it takes for this to occur. 

Method. 

The anastomosis was established between the right carotid artery 
and right jugular vein of rabbits in the manner alread 3 r described 
[Drury and Wightman, 1940], Two* groups of animals were operated 
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Table I, — Area of Cardiac Shadow in the same Animals 
X-rayed on Successive Days. 


Animal. 

Area of cardiac shadow in sq. cms. 

1 

9*9, 

8*8, 

9-1, 

8-1, 9-3 

2 

5*2, 

6*6, 

6*7, 

5*7 

3 

5*6, 

6*4, 

5*8 


4 

9*6, 

9*8, 

8-3, 

9*0 

5 

8*8, 

9*1, 

8-1, 

9*3 

6 

7*8, 

8*9, 

8-4, 

8*4 


In fig. 1 the actual heart-weights of the control or first series (in 
which in addition five normal rabbits are included) have been plotted 



Fig. L — Relationship between area of cardiac shadow and actual heart-weight. 


against the shadow area. While there is a general relationship between 
the weight and the area, the spread is such that there is a possible error 
of at least 1 g, and this, coupled with the fact that the shadow may 
have a variation of 1 sq. cm, in the same animal, means that the calcu- 
lated weight may have an error of anything up to 2 g., which in a heart 
weighing 8-10 g. is considerable. The importance of taldng such X-rays 
lies in the fact that in general the hearts with the largest shadows weigh 
the most, and in choosing animals in which it is proposed to tie off the 
anastomosis, it is the most reliable guide that they have hypertrophied 
hearts. The intensity of the signs such as murmur, thrill, or the cardiac 
effect produced by closure of the anastomosis, are no indications of the 
size of the heart, for they can be very intense in an animal in which 
ie leak is relatively small, and with a heart showing little hypertrophy. 
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upon. In the first group, after the anastomosis had been patent for 
three months, X-ray photographs of the hearts were taken and the 
animals were killed on the following daj^ and the hearts fixed and 
weighed [Drury and Wightman, 1940], In this manner it was possible 
to relate the cardiac area to the actual heart-weight. In the second 
series, after the anastomosis had been patent for three months, X-ray 
photographs of the heart were taken,* and certain animals were selected 
in which the cardiac area indicated that hypertrophy was present. 
These selected animals were operated upon on the day following the 
taking of the X-ray photograph and the anastomosis closed by ligating 
the carotid artery. Two animals of this series were killed at varying 
intervals after the operation and the hearts were fixed and weighed. 


Assessment of Heart-Weight from the X-ray Heart Shadow , 

When an anastomosis is established, the heart dilates as well as 
hypertrophies, and unless these two effects move hand in hand, the she 
of the X-ray shadow cannot be expected to give an accurate assessment 
of the heart-weight. From observation of the heart in situ in the 
anaesthetised animal, the largest hearts do not necessarily prove to be 
the heaviest. There are, moreover, technical difficulties in taking X-ray 
photographs which also introduce errors. It is essential to hold the 
animal in the vertical position so that the diaphragm falls clear of the 
heart’s apex, and in this position the heart becomes smaller as the blood 
collects in the dependent parts. It is not possible to ensure that the 
animals ai'e held in the same position relative to the X-ray tube. To 
lessen these errors as far as possible, the following standard procedure 
was adopted. The animal was tied down firmly on a horizontal board 
with two adjustabieside boards which could be moved up to the chest wall 
on each side, to prevent rotation. The X-ray film was then slipped 
between the animal’s back and the hoard. The board was then moved 
to the vertical position and placed at a constant distance of 22 inches 
from the X-ray tube, which was centred on the mid-sternal point. At 
the end often seconds, the exposure (l/25th of a second) was made, no 
attempt being made to take the photograph during sj^stole or diastole, 
as the change in size due to contraction is very small. Outline drawings 
of the heart shadow r were then traced upon tracing paper. Two definite 
nicks are seen where the right and left auricles join the large vessels, 
and the outline was commenced at one of these and carried around the 
whole shadow till the other nick was reached; the nicks being joined 
by a straight line. The outline was then cut out and weighed, the area 
being calculated from the weight of a known area of identical paper. 

A number of animals were photographed on several successive daj T s 
and it was found that the difference in the heart-shadow area amounted 
to about 1 sq. cm. (Table I) in the same animal. 
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Values above normal in italics. 
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Closure of the Anastomosis . 

Animals were specially cliosen in which the^ cardiac area by X-ray 
was 10 sq. cm. or over. They were X-rayed the day previous to the 
operation in which the carotid artery was doubly ligated under nembutal 
anaesthesia. The animals so. operated upon were killed in pairs 1, 4, 
6, 8, 10, 12, 14 weeks later, and the hearts fixed and weighed. The 
results are tabulated in Table II. In the second and third columns 
the estimated heart-weight and heart-weight x 100 to carcase-weight 3 
ratios, deduced from the cardiac area before operation, are given. The 
ratios indicate that in many cases hearts weighing twice the normal 
value were present [see Drury and Wightman, 1940]. The actual 
values obtained from the weights of the hearts at different time periods 
after operation show that with one exception they are all within the 
normal range after a period of 6-8 weeks had elapsed. In addition, the 
ratio of left to right heart-weights are also within the normal range, so 
that all chambers of the heart have been involved in the change. On 
the other hand, it must be pointed out that although the values are 
within normal limits, they tend to lie at the top end of the normal scale, 
and the same is true of all the other ratios given. It would appear, 
therefore, that the only safe conclusion to draw is that there is a gradual 
return to normality, but that even at 16 weeks a full return may not 
have taken place, even though it can be admitted that the values could 
be normal. It is unlikely that all the ratios w r ould lie at the top end of 
the normal scale if the hearts had returned then* own normality. One 
animal, No. 2, 12 weeks after the closure gave heart ratios which were 
well outside the normal limits, indicating that a considerable degree of 
hypertrophy was still present. 

Discussion . 

Hypertrophy may be considered physiological if, on removing the 
stimulus producing it, the organ returns to its normal size. The 
observations here reported indicate that the hypertrophy produced by 
a carotid jugular anastomosis is for the most part, if not wholly, physio- 
logical in type even if it is such that the weight of the heart is doubled. 
It is not possible to state categorically that it is physiological in t3 r pe, 
for even after 16 weeks a small residuum of hypertrophy may still 
remain. Whether this would have disappeared if a larger period had 
been allowed after operation it is not possible to say from these experi- 
ments. The time taken for the hypertrophy to disappear is 6-8 w'eeks, 
which is very similar to that which it takes to develop. One animal, 
No. 2 even after 12 weeks still had a considerable degree of hyp ertr op ky- 
The hypertrophy in this animal may only be pathological in the rate 

x “carcase weight” of the Jiving animal was arrived at by subtracting from 
the “live weight” the average weiglit of the intestines removed from animals of 
similar weight. 



NITROGEN METABOLISM AFTER BURNING . 1 By E. J. Clark, 
R. A. Peters, and R. J. Rossiter. From the Department of 
Biochemistry, Oxford. 

{Received for publication 1 2th July 1944.) 


Changes in nitrogen balance after injury have been described in human 
patients by Cutlibertson [1930, 1931, 1932, 1934], and in experimental 
animals by Cutlibertson, McGirr, and Robertson [1939]. Because of 
the great tissue damage sustained in cases of burns, it seemed of interest 
to investigate ‘more fully the nitrogen metabolism in experimentally 
burned animals. It is here shown that, after burning, there is a sharp 
rise in the blood urea (noticeable within one hour), a slight fall in the 
total plasma protein, and a marked fall in the plasma albumin, giving 
a decrease in the albumin/globulin ratio. There is, in addition, a rise 
in the urea output, sharp rise in the creatine excretion, and fall in the 
excretion of creatinine. With more severe burns, the increase in 
creatine and decrease in creatinine becomes more marked; there is 
also a suppression of urea elimination during the first day or so after 
burning, suggesting some renal impairment. In animals that died as a 
result of the burning, this decrease in the elimination of urea and 
creatinine was marked. Weight changes indicate that, at first, there 
was considerable water retention (a 100-g. rat increased in weight by as 
much as 14 g. in 24 hours) which gradually decreased over a period of 
days. 

Methods. 

Animals . — Rats (100-150 g.) and rabbits (2-3 kg.) were used in these 
1 experiments. 

All nitrogen estimations, including blood 'urea, plasma proteins, 
urine urea, and urine ammonia were determined by the method of 
Conway and O’Malley [1942]. Creatine and creatinine were determined 
by the method of Folin [1913]. 

Methods of Burning . — The rabbits were clipped closely with scissors, 
ancesthetised with ether and burned by dipping the back (approximately 
l/3rd of the body surface) into water at 70° C. for 30 seconds. The 
rats were anresthetised with ether and the back (approximately l/3rd of 

1 Report submitted to the Bums Sub-Committee of the War Wounds Committee, 
Medical Research Council, September 1943. 
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at which it disappears, but it may be really pathological in the sense 
that it is a persistent state. There was nothing in the history of this 
animal which differed from that of the other animals in which the 
hypertrophy disappeared. It raises the question whether a stimulus 
which normally produces a physiological hypertrophy may under 
certain circumstances lead to a pathological hypertrophy. If this is 
proved to be the case, it would be of, interest to determine what are the 
requisite factors. 

Summary. 

In a series of animals in which a carotid jugular anastomosis had 
been patent for three months, the anastomosis was tied off. The hearts 
of these animals, with one exception, were found almost, if not entirely, 
to have returned to their normal weight within.eight weeks, the auricles 
reaching normal values before the ventricles. The area of the X-ray 
cardiac shadow indicated that many of the hearts were twice the normal 
weight when the anastomosis was tied off. 

I wish to express my thanks to J. A. F. Fozzard of the Department 
of Anatomy, University of Cambridge, for canying out the X-ray work. 
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. 1, — Nitrogen constituents in the blood of rats burned at time 0 for 30 seconds 
at 80° C. Each figure the mean for 6 or more animals. 
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the body surface) dipped into water at 80° C. for 30 seconds. This 
^method of burning gave damage roughly equivalent to a 1-minute 
application at, 60-65° C. of the burning iron previous^ described [Leach, 
Peters, and Rossiter, 1943]. 1 Other rats were burned in a similar fashion 
at 75° C. and 70° C. In all cases control animals were similarly anaesthe- 
tised but not burned. 


Experimental Arrangements. 

Por the nitrogen excretion experiments the rats were daily provided 
with a weighed amount (10 g.) of the following diet: — 


Rice starch 
Casein . 

Salt mixture . 
Agar agar 
Cod -liver oil . 
Dry yeast 


70 per cent. 


10 

5 

2 

3 

10 


V 

J) 

99 

99 

99 


(The salt mixture had the following composition: sodium chloride, 
52 g. ; magnesium sulphate, 80 g. ; sodium phosphate, 102 g.; potassium 
phosphate, 2S6 g. ; calcium phosphate, 162 g.; calcium lactate, 390 g.; 
ferric citrate, 35 g. ; potassium iodide, 0*2 g.) 

The rats were given this diet for a preliminary period of at least 
14 days before they were used. Each day the food not consumed at the 
end of two hours was removed from the cage. This caused a slight fall 
in body- weight at first, but the rats quickly learned to eat their ration in 
the given time, and soon it was possible to feed the animals for two 
hours, and during the remaining 22 hours to collect the urine in meta- 
bolism cages. Unlimited water was always given. On this dietary 
scheme the control animals maintained both weight and nitrogen 
equilibrium, but they did not grow.. 


Results. 

Blood Urea. — Pigs. 1 and 2 show that after burning at 80° C. for 
30 seconds the blood* urea of rats and rabbits was significantly higher 
(for rats t = 3*03; for P=0-01, t=2-7S) at the end of one hour, and 
markedly higher (£ = S-41) at the end of 3 hour's, than that of unburned 
controls. At the end of 24 hours the blood urea of burned animals was 
still significantly higher (for rats t = 4-22) than that of the controls. 
Details are given in Appendix, Tables I and II. Por both the rat and 
the rabbit, merely anaesthetising gave a slight rise in blood urea, which 
was not nearly so long lasting as that observed after burning. 

1 In the more severe bums, the urine was occasionally observed to be pink for 
t fn O Uavs presumably due to the presence of hemoglobin (due to local destruction 
of blood ceils at the site of burning). There was no correlation between this appear- 
ance and biochemical changes. 
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Plasma Proteins . — Pigs. 1 and 2 also show that burning caused a 
slight fall in the total plasma proteins, which in the rat -had returned to 
normal levels within 24 hours, but in the rabbit was still slightly lowered 
after 4 days. In both species there was a fall in albumin/globulin ratio 
due to (1) a marked and persistent fall in plasma albumin, and (2) an 
ultimate rise in globulin. A slight fall at first in globulin in both species 
was succeeded by a rise after 24 houz^s in the rat, and after 4 days in the 
rabbit to above the initial values (for details see Appendix, Tables 
I and II). 

Body-Weight . — The body- weight changes of the rat (figs. 3a, b,c,d) 
are interesting. Anaesthetising the animal or burning at 70° C. caused 
but little immediate change in weight, but after burning at 75° C. or 
80° C. there was at first a weight increase of the order of 10 per cent, of 
the body -weight. This can onty be accounted for by an increased water 
retention after the more severe burns. Palpable oedema was much 
more marked in these animals. Later, there was a gradual fall in body- 
weight, also seen in those animals burned at 70° C. (which did not show 
the initial increase), but not observed in the controls that were merely 
anaesthetised. 

Nitrogen Excretion (figs. 3 a, b, c, and d).- — T he tables and figures 
upon which these are based include data from all rats -which lived 
sufficiently long. These are given, both for 3a, b, and o; the averages 
presented are from figures which do not appreciably overlap. The one 
animal which survived after S0° C. is given in fig. 3d, because it showed, 
the interesting fall in N. elimination. 

1. Urea . — After burning rats at 70° C. there was an immediate 
increase in the daily excretion of urea. After burning at 75° C. this 
' increase was delayed for one day, and after burning at 80° C. there was 
a fall in the nitrogen elimination during the first 2 days, followed by a 
marked rise later. In some cases total nitrogen was estimated m 
addition to the urea. The results were strikingly parallel and ofier 
no confirmation, in the animal, to the recent claim of Taylor el al. [1943] 
that there is an increased non-urea nitrogen fraction in the urine of burn 
patients. In every case where both urea and total nitrogen were 
determined, the urea accounted for over SO per cent, of the total nitrogen. 
This is in conformity with the results of Cuthbertson [1330, 1931] who 
found that, although there was an increase in nitrogen in the urine after 
operation and injury, urea formed a remarkably constant percentage 
(abozit SO per cent.) of the total. 

2. Creatine. — The control rats had a slight creatinuria, thus con- 
firming the previous observations of Cuthbertson et al. [1939]. After 
burning there was a dramatic rise in the creatine output, and , in general, 
the more severe the burn the greater was the amount eliminated. It is 
noteworthy that with animals burned at 75° C. on the first day, when 
there was no rise in urea elimination, there was an increased creatine 
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after plasmapheresis there is a negative nitrogen balance [Kerr et al 
1918]. The same is, .in general, true for ^nhydraemia produced by other 
means; the relevant facts have been well summarised by Marriott 
[1923], and for gastroduodenal hemorrhage by Black [1942]. After 
burning, besides water loss, there is the additional complication of loss 
of albumin into the burned area, causing an abnormality of the plasma 
protein level and of the albumin/globulin ratio. The diversity of 
conditions, whose sole common factor is anhydr^emia, under which 
these changes in nitrogen metabolism are observed, suggests that 
parallel with the mobilisation of water from the tissues there is a co- 
incident mobilisation of protein stores. But the conditions are complex ; 
there is no certainty yet that the changes in tissue permeability do not 
liberate other factors of importance in the general picture. Further, 
even if the changes in nitrogen excretion are initiated by the anhy- 
dnemia, their long persistence has to be explained. Present information 
suggests that kidney damage does not explain the raised blood urea so , 
often present in human burns [Taylor, Levenson, Davidson, and Adams, 
1948]. 

Fatal Burns . — During the course of these experiments a number of 
the animals burned at 80° C. and a few burned at 75° C. (not recorded in 
the data presented) died. Some of those burned at 75° C, survived for 
24 hours, and a study of their nitrogen metabolism for the 24-hour 
period immediately following the burn is given in figs. 4a and 4b, details 
being given in Appendix, Tables IVa and IYb. It is seen that there 
was a rise in creatine excretion, but a marked drop in urea and creatinine 
elimination. 

Thus, burns at 75° C. are followed by a slight diminution in urea and 
creatinine excretion for one day, a burn at 80° C. produces similar, ' 
though greater, changes for 2 days, and the same changes are observed 
in animals that have died as a result of burning. This can be interpreted 
as evidence in favour of renal failure. Since histological damage to the 
kidney is but slight, it seems probable that this damage is associated with 
the reduction in plasma volume known to occur after burns [Schievers, 
1936; Lambret and Driessens, 1937; Keeley et aL, 1939; Black 1940 a]. 
That nitrogen retention is a factor contributing to the death of these 
animals is a point which must claim attention. In all the animals which 
were investigated and subsequent^ died, there was this marked retention 
of nitrogen. Also, animals lolled in a moribund condition invariably 
had a high blood urea — in one case over 300 mg. /1 00 ml. 

Practical Applications . — A persisting negative nitrogen balance after 
burning is a characteristic feature of this work. It is of the order of 
50 mg. per day for a considerable number of days. This is equivalent 
to 500 mg. /kg. or 35 g. for an average man. This figure is slightly less 
than that reported by Taylor et al. [1943] for man, and slightfy greater 
than the negative balance described by Lucido [1940] and Cuthbertson 
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excretion. The same was true during the 2 days of nitrogen retention 
which followed burning at 80° C. 

3. Creatinine. — -As would be expected, the creatinine output of the 
control animals was fairlj r constant. This was also true for animals 
which had been burned at 70° C. The day following a burn at 7o° C. 
there was a slight fall in the creatinine elimination, and the 2 days 
following a burn at 80° C. the fall was marked. 

4. Ammonia . — The elimination of ammonia was somewhat more 
variable than that of the other substances estimated. After burning 
there was no constant change, although in the case of a burn at 80° C. 
there was less ammonia eliminated during the days immediately after 
burning, when urea and creatinine elimination was suppressed. 

Details of these experiments are given in Appendix, Tables IIIa, 
IIIb, IIIc, and IIId. 


Discussiok. 

The high non-protein nitrogen that occurs in the blood of experi- 
mentally burned animals has previously been reported by Beard and 
Blalock [1931] and Lowden et al. [1939]. Davidson [1925], Beck and 
Powers [1926], Mclver [1933], Wilson and Stewart [1939], and Lucido 
[1940] have all described either an increased blood non-protein nitrogen 
or increased blood urea in human burned patients. Davidson and 
Matthew [1927], Mclver [1933], Weiner et al. [1936], Lombard and 
Montpellier [1937], Elkinton et al. [1940], Black [1940 a], and Lucido 
[1940] have reported a decrease in total plasma proteins, while some of 
the authors [e.g. Davids on and Matthew , 1927] have found an increase 
in the plasma globulin. Similar changes have been found in experi- 
mental animals [Simonart, 1930; Schievers, 1936; Trusler et al., 1939]. 
Besides the observations of Taylor et al. [1943], Lucido [1940] has also 
reported an increased nitrogen excretion in a patient suffering from 
severe burns, and this was observed early in the war by Black [1940] 
(personal communication). 

Source of Eliminated Nitrogen . — The source of the eliminated nitrogen 
is obviously of some theoretical interest, Cuthbertson et al. [1939] 
favour the view that the excess nitrogen excreted by rats after experi- 
mental injmy does not come from the site of local damage, and their 
arguments probably apply to the experiments in this report. 

As was thought by r Underhill, Disk, and Kapsinow [1930], the early 
picture presented in “burn 3 ’ cases is largely one of decreased blood 
volume and ankydrsemia. The question is whether the changes in 
nitrogen metabolism are due to this alone. Several reports suggest 
this After severe haemorrhage there is a similar sequence of azotoemia 
[Tailor and Lewis, 1915; Vallery-Radot et al., 1935; ICaump and 
Parsons 1940; Black, 1940 b], followed by a negative nitrogen balance 
[Hawk and Dies, 1904; Buell, 1919; Stewart and Eourke, 1934], and 
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shown to occur after experimental injury [Cuthbertson et al f 1939]. It 
is intended to report upon the problem of dietary supplements when 
further work in progress in this laboratory is completed. 

Summary. 

Blood and urinary changes in nitrogen compounds in animals after 
burning at 70° ; 75°, and 80° C. for 30 seconds have been compared with 
aneesthetised controls. 

1. Blood Changes . — Within an hour after burning there commenced 
an increase in blood urea in both rats and rabbits, present in the latter 
four days later. There was also a fall in the total plasma protein and 
a persistent fall in the plasma albumin. Though falling slightly at first, 
the globulin levels rose; this caused a progressive fall in' the albumin/ 
globulin ratio. 

2. Urinary Changes . — In rats upon constant diet the following changes 
occurred with increasing severity of the burn, namely: 

(a) An initial rise in weight (due to water retention), followed by a 

fall in weight. 

(b) Creatinuria. 

(c) Increased urea elimination ; except for early nitrogen retention 

in the more severe casks for 1 to 2 days. The latter was also 
a constant feature of Vats dying from burns and indicates 
some form of kidney disturbance. 

No constant changes took place in ammonia excretion or in creatinine 
output, though the latter fell for 1 to 2 days in the more severe burns. 

3. The early changes may be explained by the decreased blood 
volume (shock). The later changes, which are important clinically, 
indicate a protein mobilisation. 

4. As practical measures suggested by the above, carbohydrates 
should be given during the period of shock, and high protein diets later. 

The authors wish to thank Dr. D. P. Cuthbertson for his interest 
in this work. Thanks are also due to Miss J. Jenkins for valuable 
technical assistance. One of us (E. J. C.) is indebted to the Medical, 
Research Council and one (R. J. R.) to the Carnegie Trustees for a 
personal grant. The Medical Research Council and the Nuffield Trustees 
have also contributed towards the cost of the investigation, which was 
carried out on behalf of the Burns Sub-Committee of the War Wounds 
Committee. 
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APPENDIX. 


Table I. — Nitrogen Constituents in the Blood of Rats. 



Blood urea. 

Plasma proteins. 

Treatment. 

No. 

animals. 

Mg./lOO ml. 
(± S.E. 
mean). 

No. 

animals. 

Total 

protein 

(±S.E. 

mean). 

Albumin 
(± SJB. 
mean). 

Control (no treatment) . 

21 

25 ±2 

12 

4*8 ± 0*1 

3*1 ±0-1 

Burned (30 seconds at 80° C.). 
Sample 3 hours later. 

9 

57 ±4 

3 

4-5 db 0*1 

2-7 ± 0-3 

Burned (as above). Sample 
24 hours later. 

13 

41 i 4 

12 

4*8 ± 0*1 

2-6 ± 0-1 

Burned (as above). Sample ! 
1 hour later. 

6 

36 ± 3 




Anresthetised only. Sample 

1 hour later. 

6 

26 i 3 

* 



Anaesthetised only. Sample 
3 hours later. 

6 

37 ±9 





Table Ha. — Nitrogen Constituents in the Blood of Control Rabbits 

Anaesthetised only. 



Blood urea (mg./lOO ml.) . . 32 24 39 28 24 

B. Total plasma protein (g./lOO ml.) . 6*1 6*0 6*6 5*8 5*9 

Plasma albumin (g./lOO ml.) . 3*9 3*5 3*7 3*6 3*3 


Blood urea (mg./lOO ml.) 30 44 49 41 22 

E. Total plasma protein (g./lOO ml.) . 6*9 7*1 6*8 6-8 6*7 

Plasma albumin (g./lOO ml.) . 3*9 4*0 3*9 3*7 3*7 

Blood urea (mg./lOO ml.) , . 21 26 27 21 24 

J. Total plasma protein (g./lOO ml,) . 6*1 5*9 5-8 5*6 6*2 

Plasma albumin {g./100 ml.) . 3*8 3*7 3*5 3*4 3*9 
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Table HIb, — Daily Urinary Nitrogen Excretion of Rats Burned for 
30 Seconds at 70° C. after Day 3. 


All Figures refer to a 100-#. Rat. 



Day No. 

Beforo burning. 

I. 2.. 3. 

4 . 

5 . 

After burning. 

6. 7. 8. 

9. 

10, 


Body-weight (g.) . 

100 

100 

102 

101 

100 

97 

94 

92 

91 

88 


Urea N. (mg.) 

117 

97 

102 

125 

159 

155 

138 

145 

117 

124 

RatO, 

Ammonia N. (mg.) 

6*6 

6*G 

5*6 

3*5 

8*6 

20*7 

7*4 

7*4 

4*1 

6*1 


Oeatinine N. (mg.) 

2*3 

1*8 

1*7 

1*7 

1*8 

1*7 

1*4 

1*9 

2*5 

1*4 


Creatine N. (mg.) . 

0*6 

0*4 

0*3 

3*7 

3*0 

2*1 

1*4 

2*1 

0*5 

0*2 

■■ 

Body-iveight (g.) . 

100 

102 

102 

107 

109 

107 

102 

103 

102 

102 


Urea N. (mg.) 

93 

106 

86 

113 

120 

132 

122 

129 

135 

141 

Rat Q. 

Ammonia N. (mg.) 

8*0 

3*4 

6*6 

5*1 

2*7 

3*4 

3*3 

3*4 

3*8 

3*3 


Creatinine N. (mg.) 

1*9 

2*3 

1*6 

1*6 

2*1 

1*9 

2*2 

1*7 

2*0 

1*8 


Creatine N. (mg.) . 

0*2 

0*5 

2*0 

4*7 

3*0 

2*8 

1*9 

2*2 

3-0 

3*4 


Body- weight (g.) . 

m 

96 

99 

97 

97 

98 

96 

94 

93 

93 


Urea N. (mg.) 

123 

KEm 

mm 

133 

127 

145 

133 

117 

99 

93 

Rat S. 

Ammonia N. (mg.) 

4*5 

3*4 

3*2 

5*9 

3*6 

4*1 

3*0 

4*3 

4*2 

2*9 


Creatinine N. (mg.) 

1*7 

1*8 

1*9 

1*8 

2*0 

1*5 

1*7 

1*6 

1*8 

1*8 

H 

Creatine N. (mg.) . 

0*8 

1*6 

0-5 

7*7 

3-0 

2-9 

1*9 

0*9 

0-2 

0*2 


Table IIIc. — Daily Urinary Nitrogen Excretion of Rats Burned for 
30 Seconds at 75° C. after Day 3. 


All Figures refer to a 100-gr. Rat . 


■ 

Day No. 

Before burning, 

1. 2. 3. 

4. 

5. 

After burning. 

6. 7. 8. 

9. 

10. 


Body -weight (g.) . 

100 

101 

102 

109 

107 

105 

105 

104 

100 



Brea N. (mg.) 

138 

139 

120 

131 

121 

140 

152 

150 

156 


Rat G. 

Ammonia N. (mg.) 

5*4 

4*7 

3*3 

4*1 

2*2 

2*4 

7*1 

2*6 

4*1 



Creatinine N. (mg.) 

1*8 

1*9 

1*9 

15 

1*8 

2*4 

1*9 

1*7 

1*7 



Creatine N. (mg.) . 

1-5 

1*3 

0-7 

... 

7*4 

3*3 

1*9 

2*2 

0*6 

0*5 



Body -weight (g.) . 

100 

100 

100 

114 

106 

100 

97 

94 

94 

$S, 


Urea N. (mg.) 

101 

105 

92 

45 

194 

117 

151 

156 

133 

127 

Rat N. 

Ammonia N. (mg.) 

5*8 

6-0 

4*9 

3*S 

10-7 

4*2 

6*7 

6*3 

6*1 

5*5 


Creatinine N. (mg.) 

1*9 

1*9 

1*6 

1*1 

1*9 

2*0 

1*7 

1*5 

1*4 

1*2 

IHHH 

Creatine N. (mg.) . 

0*3 

0*6 

0*6 

5*2 

5*5 

1*9 

2*4 

2*9 

2*6 

2*7 


Body -weight (g.) . 

100 

102 

101 

112 

99 

96 

93 

89 

86 

84 


Urea N. (mg.) 

75 

76 

95 

124 

121 

134 

154 

174 

181 

167 

Rat R. 

Ammonia N. (mg.) 

2*9 

2*4 

2*3 

7*7 

7*8 

3-1 

2*4 

3*2 

5*0 

6*8 


Creatinine N. (mg.) 

1*8 

1*6 

2*4 

1*8 

2*0 

1*7 

1*5 

1*5 

1*3 

1*6 

B 

Creatine N. (mg.) . 

: 

0*4 

0*4 

0*7 

7*1 

4*3 

3*S 

3*2 

2*7 

3-2 

4*2 
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Table IIb.— Nitbogen Constituents nf the Blood of Babbits Burned 

30 Seconds at 70° C. 


Rabbit ! 
No. 


! Blood urea (rag./lOO ml.) 

Total plasma protoin (g./lOO ml.) 
Plasma albumin (g./lOO ml.) 


c. 

Blood urea (mg./lOO ml.) 

Total plasma protein (g./lOO ml.) . 
Plasma albumin (g./lOO ml.) 

25 

6-1 

4-2 

35 

5-5 

4*1 

51 

4*8 

3*1 

49 

4*8 

3*1 

28 

5*0 

3*4 


Blood urea (mg./lOO ml.) 

26 

32 

39 

42 

37 

K. 

Total plasma protein (g./lOO ml.) , 

5*5 

5*4 

4*4 

4*3 

5*2 


Plasma albumin (g./lOO ml.) 

1 4 ' 2 

4*0 I 

3*1 

3*1 

3*4 


Blood urea (mg./ZOO ml.) 

25 

27 

48 

I 

S7 

64 

N. 

Total plasma protein (g./lOO ml.) . 

6-1 

6*2 

5*3 

5*3 

6*3 


Plasma albumin (g./lOO ml.) 

4*2 

4*2 

3*4 

3-5 

3*8 


Blood urea (mg./ 100 ml.) 

29 

25 

32 

5G 

55 

U. 

Total plasma protein (g./lOO ml.) . 

6*0 

5*S 

4-1 

4*8 

5*4 


Plasma albumin (g./100 ml.) 

3-9 

3-9 

2*8 

2*9 

3*3 


Table III a. — Daily Urinary Nitrogen Excretion of Rats Anaesthetised 

after Day 3. 

All Figures refer to a 100-#. Bat. 


Day No. 


Before 

anaesthesia. 


After anaesthesia. 





Body -weight (g.) . 
Urea N; (mg.) 
Ammonia N. (mg.) 
Creatinine N. (mg.) 
Creatine N. (mg.) . 


Body-weight (g.) .• 
Urea N. (mg.) 
Ammonia N. (mg.) 
Creatinine N. (mg.) 
Creatine N. (rag.) . 


Body-weight (g.) . 

Urea N. (mg.) 
Ammonia N. (mg.) 
Creatinine N. (mg.) 
Creatine N. (mg.) . 


2-0 2-0 
0 2 0-4 



100 

101 

101 

101 

101 

103 

100 

95 

100 

89 

95 

94 

116 

77 

3*1 

3*6 

3*7 

4*0 

3*7 

4*1 

2*7 

1*5 

1*7 

1*2 

1*4 

2*1 

1*7 

1*3 

0-2 

0*2 

0*8 

0*9 

0*6 

0*7 

1*0 

98 

100 

101 

100 

99 

100 

100 

112 

112 

111 

117 

83 

107 

97 

5*6 

5*2 

5*8 

5*5 

3*9 

6*5 

G*7 

2*2 

2*2 

1*8 

1*9 

1*9 

2*2 

2*4 

1*1 

0*8 

0*7 

0*8 

0*7 

0*2 

0*3 

97 

97 

95 

98 

96 

97 

95 

104 

111 

10S 

107 

9G 

103 

89 

4*2 

4*1 

4*1 

12*5 

3*4 

6*7 

0*5 

1*9 

2*7 

2*1 

1*9 

2*0 

2*2 

1*7 

1*1 

0*2 

0-7 

0*2 

0*5 

0*2 

0*6 


after 

burning. 
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Table IVb. — Daily Urinary Nitrogen Excretion of Rats Burned for 
30 Seconds at 75° 0. after Day 3, and which Died after Day 4. ’ 

All Figures refer to a 100 Eat. 



Day No. 

pg| 

2. 

3. 

4. 


Body -weight (g.) . 




104 


Urea N. (mg.) 




40 

Rat L. 

Ammonia N. (mg.) 




2-0 


Creatinine N. (mg.) 

1-5 

1-0 

1-7 

1*0 


i Creatine N. (mg.) . 

0-2 

0*4 

0*3 

l 1*9 


Body-weight (g.) . 

100 

104 

102 

109 

| 

Urea N. (mg.) . . * 

114 

107 

126 

22 

Rat M. 

Ammonia N. (mg.) 

4-0 

4*5 

5*0 

1*0 


Creatinine N. (mg.) 

1*9 

2*2 

2*3 

0*7 


Creatine N. (mg.) . 

1-2 

0*4 

0*7 

1*6 
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Table IIId. — Daily Urinary Nitrogen Excretion of Rat Burned for 
‘30 Seconds at S0° C. after Day 3. 


All Figures refer to a 100-g. Bat. 



Day No. 


Body- weight (g.) . 
Urea N. (mg.) 
Ammonia N. (mg.) 
Creatinine N. (mg.) 
Creatine N. (mg.) . 


Before burning. 


After burning. 


3. 4. 5. 6. 7. 8. 9. 10. 



Table TVa. — Daily Urinary Nitrogen Excretion of Control Rats. 
All Figures refer to a 100-g. Rat . 


Day No. 


Rat A. 

Bodj^-weiglit (g.) . 

Urea N. (mg.) 

Ammonia N. (mg.) 

Creatinine N. (mg.) 

Creatine N. (mg.) . 

100 ■ 101 101 

10S 131 129 

3-6 4-0 3-2 

1-6 1-8 1-6 

0-9 1-0 0-4 

Rat. D. 

Bod 3 ’-weight (g.) . 

Urea N. (mg.) 

Ammonia N. (mg.) 

Creatinine N. (mg.) 

Creatine N. (mg.) . 

100 103 101 

118 143 133 

2-8 4-0 4-7 

1-9 1-7 1-6 

0-7 1-2 1-5 

Rat E. 

Body -weight (g.) . 

Urea N. (mg.) 

Ammonia N. (mg.) 

Creatinine N. (mg.) 

• Creatine N. (mg.) . 

100 100 103 

107 114 116 

2-9 3-9 3-8 

1-8 1-7 1-2 

0-4 0-6 1-3 

Rat F. 

Body -weight (g.) . 

Urea N. (mg.) 

Ammonia N. (mg.) 

Creatinine N. (mg.) . . [ 

Creatine N. (mg.) . . . 1 

100 100 99 

US 127 122 

3.4 4.4 4*6 

IS IS 1-4 

0*6 0-6 1*0 

Rat I. 

Body-weight (g.) . 

Urea N. (mg.) 

Ammonia N. (mg.) 

Creatinine N. (mg.) 

Creatine N. (mg.) . 

100 95 96 

ISO 171 161 

2-2 3*3 2*6 

2*2 1*S 2*1 

0*3 0*7 0-3 











INTERCELLULAR PLASMA IN THE CENTRIFUGED ERYTHRO- 
CYTES OF NORMAL HUMAN BLOOD. By Montague 
Maizels. From the South-Eastern Emergency Blood Supply 
Depot, Maidstone. 

(Received for publication 28 th October 1944.) 


When investigating the chemical and physical properties of erythro- 
cytes it is often necessary to have a measure of the cell mass examined. 
So too, when measuring the volume of the circulating blood in the intact 
animal, the proportion of cells relative to blood must be known. Such 
methods all depend on the separation of cells from plasma by centri- 
fuging, but since deformation of cells does not permit of perfect packing, 
some plasma always persists in the centrifuged cell mass so that the 
absolute volume of cells cannot be obtained. It has usually been 
assumed that the amount of intercellular plasma is relatively small 
and that for most purposes it can be ignored. This view is supported 
by the results of many investigators whose work will be reviewed later. 
.Recently, however, Chapin and Ross [1942] have stated that cell 
volume as measured by the hsematocrite is about 8-5 per cent, too high. 
If this figure were correct, measurements of circulating blood volume 
would be greatly affected, for in normals the error would be + 8 per cent., 
while in severe anaemia it might only be + 1 per cent. Apart from these 
effects, due to simple quantitative changes in the blood cells, qualitative 
changes in disease might lead to altered packing and hence to variations 
in intercellular plasma. If normal intercellular plasma were, in fact, 
itself quite small, then probably variations due to disease would for 
practical purposes be negligible. But if the true normal value were 
between 8 and 9 per cent., as Chapin and Ross suggest, then pathological 
variations might well be significant and all data depending on heemato- 
crite determinations open to doubt. Since, then, intercellular plasma 
has an important bearing on the physiology of the circulation and on 
the physico-chemical investigation of the blood, it seemed desirable to 
redetermine its value and define its limits as far as possible. 

Most investigators have used an indirect method of measurement, 
in which a known amount of dye is added to a measured volume of 
blood. The colour of the separated plasma is then compared with 
that of the same amount of dye added to known volumes of plasma, 
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removed with a fine angle-tipped pipette. The volume of cells — about 
fifty divisions or 1 ml.— was now read, 2 ml. saline added and the cells 
resuspended by gentle but thorough mixing, without shaking. The 
x tube was then recentrifuged for thirty minutes, when the volume of 
cells was found to be practically unaltered. Protein in 1 ml. of the 
supernatant was now compared with that in 1 ml. of the dilute standard. 
This was done colorimetrically by the method of Wu and Ling [1927] 
and in a few instances by wet-ashing in sulphuric acid, and Ne s sleriz ati on . 

(B) Here 0*5 ml. Evans blue in saline (0*25 per cent.) was added to 
2*7 ml. blood. After mixing, centrifuging, and washing in the usual 
way, the cells were resuspended in 2 ml. saline and again centrifuged. 
The blue-tinted saline was then compared with the original supernatant 
plasma-dye mixture diluted one hundred times. This method,' in 
contrast to (A), does not give high results, should manipulation 
produce slight hsemalysis. 

Ostwald pipettes were used for measuring and all volumetric 
apparatus was calibrated. The maximum errors in the comparator 
tube measurements and in the colour readings were ± 2*5 per cent, in 
each case, giving a total of i 5 per cent. In addition, imperfect washing 
would give high results in both methods, while hemolysis due to 
manipulation would give high results in method (A). In practice 
duplicate experiments agreed within d: 8 per cent.; for present purposes, 
this difference is negligible. 

Results. 

Results are shown in Table I. 


Table I.— Intercellular Plasma in Hum ax Erythrocytes Centrifuged 
FOR 30 MINS. AT 3000 R.P.M. 


pjlpl 

Citrate d 
blood. 

Heparinised blood. 

Heparinised blood, buffy 
coat retained. 

Method 

A. 

A. 

B. 

A. or B. 

X umber of observations 

| 16 ! 

12 

7 


Average, and standard 
deviation 

2-28 ±>16’ 

2*24 ±0*19 2*16±0«2G 

I 9 

; 2*74 ± 0*31 


In the case of bloods which had had their huffy coats removed, inter- 
cellular plasma varied between 2 and 2*5 per cent., irrespective of the 
anticoagulant and method used. Methods depending on protein 
colour reactions gave rather higher results than the simple dye technique, 
possibly because the saline used for extracting the erythrocytes con- 
tained traces of kannolysed cells not present in the diluted standard. 
Still higher results were obtained by Nesslerization : in three experiments, 
Wu and Ling’s method gave 2-27, 2‘32, and 2-23 per cent., corresponding 
with 2*36, 2*46, and 2-58 per cent, on Nesslerization. This may be due 
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and from the comparison the amount of plasma and hence the true 
volume of cells in the original sample of blood may be calculated. The 
difference between this and the hcematocrite volume equals plasma 
trapped between the cells. The dye selected is such as to penetrate the 
erythrocytes little or not at all. The disadvantage of the method lies 
in the high degree of accuracy required in spite of the difficulty of 
comparing the colour of dyes dissolved in plasma — a difficulty which 
led Harington, Pochin, and Squire [1940] to modify the Evans blue 
method for determining the circulating blood volume, by extracting 
the dye from plasma with butyl alcohol. It is therefore surprising 
that the majority of workers on true cell volume have preferred the 
indirect method, although an error of 1 per cent, in the colorimeter 
readings of plasma colours corresponds to an error of 35 per cent, or 
more in the figure for intercellular plasma. Such errors may well 
account for the variations recorded by different observers and the wide 
range encountered in individual series. 

In the direct method use is made of some suitable indicating 
substance naturally present or added to blood. The blood is centrifuged, 
supernatant plasma washed away, the erythrocytes resuspended m 
saline and the suspension recentrifuged. Plasma occluded between 
cells after the first centrifuging remains in the supernatant saline after 
the second centrifuging and the indicator substance therein is compared 
with an appropriate dilution of the same indicator. From the data so 
obtained, the amount of intercellular plasma is calculated. The method 
presents no special difficulties beyond that of washing away supernatant 
plasma without disturbing the centrifuged cells. Errors in measure- 
ments are not magnified in the results, and an error of 1 per cent, m 
the colorimeter reading produces an error of 1 per cent, in the value 
for intercellular plasma. In spite of this the direct method has rarely 
been used. It bad, however, a special value for the present writer, in 
that colorimetric readings could be made with an ordinary direct vision 
colorimeter. 

Methods. 

Two variations were used: (A) Heparinised or citrated human 
blood was centrifuged for thirty minutes at 3000 r.p.m. in graduated 
hfemoglobinometer tubes of about 7 mm. bore. The radius of the 
centrifuge head was 15 cm. Supernatant plasma was removed with a 
teat and capillary pipette, and, diluted one hundred times, constituted 
the standard of comparison. The tc huffy coat” was left in situ and 
the tube carefully washed out twice with saline. The huffy’- coat was 
next removed and a third saline wash given without disturbing the 
subjacent cells. This saline and the upper layer of centrifuged cells 
was then drawn off and the tube recentrifuged for five minutes, after 
which any saline that had drained dowm the sides of the tube was 



Plasma in Centrifuged Erythrocytes of Normal Human Blood 133 

is read and the cells suspended in 1 ml. saline. After recentrifuging, 
protein was estimated by the method of Wu and Ling. Results gave 
2*75, 3*05, 3*54, and 3*71 for intercellular plasma. It had been expected 
that the figures would be less and not more than those for narrow 
tubes, and it was thought that resuspending cells from narrow tubes 
by means of capillary pipettes had led to haemolysis. . Accordingly, 
the experiments were repeated by the direct Evans blue method, saline 
washes from the cells of undyed blood being added to the standard 
solution so as to equalise coloration due to haemolysis in all samples. 
By this method, intercellular plasma was found to be 1*70 and 1*62 
for cells with the buffy coat removed and 1*90 and 1*87 for cells retaining 
the buffy coat. 

In view of the number of indirect experiments carried out by other 
observers, a few were included in the present series. The first three 
differed from those of Chapin and Ross [1942] in that a concentrated 
solution of dye was used as recommended by Shohl and Hunter [1941], 
so that both unknown and standard could be diluted one hundred times 
before being compared. In this way interference by plasma ptoteins, 
etc., was minimised. A direct vision colorimeter was quite unsuited 
to this work and use was made of a Hilger “Spekker” absorptiometer 
which was temporarily available in the pathology department of the 
Kent County Council. The following results were obtained: (A) 1*56, 
1*28, 1-70, 1*70 per cent.; (B) 1*45 and 2*68 per cent.; (C) 2-6S and 
3*62 per cent. An attempt was made to follow Chapin and Ross’s dilute 
dye technique, but this was frustrated by the lipsemic condition of the 
plasma. In another experiment, with a less lipsemic plasma, so much 
absorbtion was due to the plasma itself that a 90 per cent, standard 
could hardly be distinguished from the 100 per cent. It was felt that 
this method was inferior to the preceding one of Shohl and Hunter 
[1941]. 

Discussion. 

The volume of cells in centrifuged blood depends on the size of the 
erj^throcytes, the amount of intercellular plasma and the degree of cell 
compression. At low speeds the intercellular plasma is high and 
compression low; at high speeds conditions are reversed. According 
to Ponder and Saslow [1930], therefore, there is no such thing as an 
absolute hamiatocrite value. But the practical question remains: 
whether a significant amount of intercellular plasma remains after 
centrifuging is carried out in the usual way — at 3000 r.p.in. ? 

Of the large group of those investigating this question by the indirect 
technique, Keith, Rowntree, and Geraghty [1915] give 4 - 3 * 5 , 0, and 
4-0*5 per cent. Hooper, Smith, Belt, and Whipple [1920] give -2 and 
4-4*5 per cent., negative values indicating that the centrifuge value 
is less than the dye value. 
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to the fact that the nitrogen/tyrosine ratio in hemoglobin is higher in 
haemoglobin than in plasma proteins [Plimmer, 1917], so that haemolysis 
would give a greater increase in colour on Nesslerization than on 
treatment with the reagents used in the method of Wu and Ling. 

Details of technique have received further consideration: 'washing 
could be carried out without disturbing erythrocytes and consistency 
of results suggested that no plasma was left behind, nor any extracted 
from the packed cells. This was confirmed by the method of Shohl 
and Hunter [1941]. Blood containing dye was centrifuged in narrow 
test-tubes waisted at the junction of the middle and lower thirds. 
Supernatant plasma was removed, the tube cut at the constriction 
and the upper portion containing huffy coat and a small amount of 
packed cells discarded. In this way cells were obtained free of super- 
natant plasma without washing. They were transferred in saline from 
the cut bulb to t a test-tube and the suspension examined in the usual 
way. The bulb was finally calibrated, and results showed that 
intercellular plasma derived from erythrocytes prepared in this way 
was the same as when cells were washed in the usual manner— 1*S7 
and T95 per cent, in the former and 1-91 and 1*93 per cent, in the 
latter. 

In the preceding experiments the “buffy coat** was removed before 
extraction with saline. Table I shows that if the huffy coat is retained, 
intercellular plasma appears to be consistently high. It is possible 
that this may be due in part to a higher plasma content in the huffy 
coat and superficial cell layers, but it w r as thought that the chief factor 
was trapping of plasma below the buffy coat as a result of wrinkling 
of that layer during the first saline wash. 

. There was no evidence that repeated extraction of packed cells 
yielded significantly higher figures for intercellular plasma. In one 
blood this was 2*12 per cent, after a single saline wash, and the same’ 
figure was obtained after three washes . In a second experiment 
using the dye method, a first extraction gave 2*4 per cent., while three 
extractions yielded a total of 2*47 per cent. Variations in the amount 
of dye added to blood did not affect the figures for intercellular plasma 
appreciably. In the case of one blood, the initial contents of dye in 
the plasma from three samples was 130, 32*5, and 16*25 mg. per cent.; 
the corresponding figures for intercellular plasma were 1*93, 1*99, and 
2*01 per cent. The fact that increased dye is not taken up by 
erythrocytes as the external concentration is increased suggests that 
little if any adsorbtion occurs, an observation which agrees with the 
conclusions of Gregersen and Schiro [193S]. 

Hitherto, experiments have been carried out with tubes of 7 mm. 
bore; the next series were done with tubes of only 3 mm. bore. After 
centrifuging blood in tubes drawn out into sealed, graduated, and 
calibrated capillaries of 3 mm. bore, the volume of cells, about 0*1 ml., 
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decrease in plasma protein the true plasma volume is calculated from 
Chapin and Ross’s equation. Thus plasma volume = 

saline added x mg. protein per ml. diluted plasma 
mg. protein per ml. original plasma — mg. protein per ml. diluted plasma. 

A single set of figures only is given : 

true plasma volume = lx 62*00/(73*50 - 62*00) 

whence true plasma volume = 53*9 per cent, and true cell volume = 46*1 
per cent., which is about 9 per cent, less than the hsematoerite volume 
of 50*6 per cent. 

Protein was estimated by the falling drop method of Kagan [1938]. 
According to Kagan this, in 107 experiments, differed from results by 
the Kjeldahl method by ±1*8 mg, per ml., with a maximum difference 
of 4*8 mg. If this is so, then the above data might have been 
62*00 ±1*8 and 72*50 ±1*8 mg., and the true cell volume might have 
been somewhere between 20 and 60 per cent. It is of course probable 
that Chapin and Ross’s figures were much nearer to the true values 
than this, but.it is felt nevertheless that while Kagan’s method is suited 
to determining plasma proteins in unrelated samples, it is not adapted 
to giving small difference values between high protein contents. On the 
whole, therefore, it seems likely that, owing to some unexplained 
factor, the results of Chapin and Ross are too high. 

Turning now to results obtained by direct measurement of plasma 
occluded in centrifuged erythrocytes, there are occasional results 
recorded here and there: 2 per cent, by Shohl and Hunter [1941] and 
3* 9 and 3*9 per cent, by Gregersen and Schiro [1938]. Crabtree and 
Maizels [1937] record a small series of direct determinations averaging 
5 per cent, in cells with the buffy coat retained. It is probable that this 
figure is too high on account of excessive haemolysis due to manipulation 
of cells in narrow tubes. Oberst [1935] gives an average figure of 
3 per cent. He measured the sodium content of packed cells before 
and after washing with isotonic potassium chloride solution and 
assumed that the fall in value after washing was solely due to removal of 
sodium in the intercellular plasma. It is probable, however, that some 
slight leakage of sodium from the cells themselves occurs during washing, 
in which case intercellular plasma will be slightly less than the 3 per 
cent, which Oberst gives. 

Coxcnusioiss. 

If blood is centrifuged in tubes of 7 mm. bore, the intercellular 
plasma amounts to 2*7 per cent, of packed cells if the buffy coat is 
retained and to about 2*25 per cent, if the buffy coat is removed. In 
narrower tubes the values are slightly less. This intercellular plasma 
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Smith [1920] gives +2, —2, —3, —4, and -5 per cent. Ponder 
and Saslow [1930], using an indirect method originally suggested by 
Stewart [1899], found that samples of one blood "centrifuged for 12 and 
20 J minutes respectively, gave values for intercellular plasma of -fl 
and 0 per cent.; another sample of blood at 15 and 30 minutes gave 
values of +2*5 and —5 per cent. According to Wintrobe [1931] the 
average value given by the haematocrite at 3000 r.p.m. is about the same 
as that . given by the dye method. Gregersen and Schiro [193S] give 
very variable figures for animal blood; two values for human Woods 
were about 4 per cent. Shohl and Hunter [1941] investigated the 
amount of intercellular plasma with strong solutions of Evans blue, 
diluting the plasma-dye mixtures with saline before examination. 
Their value and standard deviation is 4*4 ±1-4 per cent. Probably 
because of inherent defects in the indirect dye method, tlieir experi- 
mental error was equivalent to ± 12 per cent, of the value for inter- 
cellular plasma, although it corresponded with only ± 0-4 per cent, in 
the colorimeter readings. These last results correspond with our own 
for cells with the “buffy coat retained 55 in Table I, where the figure 
is 2*74 per cent. It must be noted , however , that Shohl and Hunter 
have empirically increased the hmmatocrite by 1-1 per cent, to com- 
pensate for failure to include the buffy coat in the actual reading. 
Had such compensation been made in column 4 of Table I, the value 
would have been 3*84 per cent., which is only slightly lower than Shohl 
and Hunter's own figure. It may be noted that in one direct experiment 
on centrifuged cells with the buify coat removed, Shohl and Hunter 
found only 2 per cent, of intercellular plasma, which compares well 
with 2-2S per cent, in column 2. 

In contrast to most of these observations are those of Chapin and 
Eoss [1942], who find that the liaematocrite is about 8*5 per cent, higher 
than the true cell volume. They used the indirect dye technique 
exclusively in several variations, and their results are so consistent 
that it may be wondered if a constant error is not involved in the method 
which appears to assume that if allowance is made for absorbtion of 
light by normal plasma constituents, the dye constant is the same in 
plasma as in saline. Since, however, Evans dye adsorbs on globulin 
[Chapin and Ross, 1942], it is possible that the absorbtion of h'glit by 
dye and globulin combined is not exactly the sum of their separate 
absorbtions. This possible objection applies with less force to Chapin 
and Ross’s method B, which, however, presents certain other difficulties. 
It would not apply to Shohl and Hunter who used a heavily dyed plasma, 
highly diluted with saline, in contrast with Chapin and Ross who 
used a lightly dyed plasma undiluted with saline. However this may 
be Cbapin and Ross [1942] find intercellular plasma to be S-o per cent, 
bv another method which is the indirect form of one used by Crabtree 
and Maizels [1937]. 1 ml. saline is added to 10 ml. blood, and from the 
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* {Received Jor publication 20 tk February 1945.) 

Voegtlin and Thompson [ 1922 ] have suggested that the toxicity of 
' an arsenical is governed to a large extent by its rate of excretion. 
Phenylarsenoxide has a high toxicity compared with those of arsenicals 
used in therapeutics. In an effort to determine to what extent this 
can be attributed to the degree to which the arsenic-containing molecule 
is retained in the body, and, in particular, in vital organs, rather than 
to any specific properties not shared by similar arsenicals, organs and 
excreta of rabbits were analysed following injection with phenylarsen- 
oxide, mapharsen (??i-amino-/;-hydroxyphenylarsenoxide) and with the 
arsonic acid corresponding to each arsenoxide. This work had to be 
abandoned without completing the full programme originally planned, 
but it is thought that the results obtained should be put on record. 
While further information on certain points would be desirable, the 
main objective has been attained. 

A great deal of work has been published on the fate of mapharsen 
in the body following intravenous injection. The distribution and 
excretion of arsenic following treatment of dogs with massive doses 
was studied by Magnuson and Raulston [1941]. Figures for the 
excretion of mapharsen by dogs have also been given by Gruhzit, 
Dixon et al . [1930]. In rats, the distribution has been described by 
Wright et al. [1937] and the excretion by Voegtlin and Thompson [1922]. 
Excretion figures for mapharsen in man have been reported by Foerster 
and his co-workers [1935] and by Henning and Kampmeier [1943]. All 
figures for the excretion of mapharsen are in agreement in suggesting 
that this is a fairly rapid process, at least half of the arsenic admini- 
stered being cleared in a week. In man and the dog, in contrast to 
the rat, more arsenic was found in the feces than in the urine. 

In a paper received after we had ceased work on this problem, 
Hogan and Eagle [1944] give an account of a detailed and extensive 
study of the basis for the varying toxicity of arsenicals. Results are 
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accounts for the difference observed between the true cell volume and 
the volume observed on centrifuging. The difference is so small that it 
may be neglected for practical purposes. 
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Voegtlin and Thompson [1922] have suggested that the toxicity of 
an arsenical is governed to a large extent by its rate of excretion. 
Phenylarsenoxide has a high toxicity compared with those of arsenicals 
used in therapeutics. In an effort to determine to what extent this 
can be attributed to the degree to which the arsenic-containing molecule 
is retained in the body, and, in particular, in vital organs, rather than 
to any specific properties not shared by similar arsenicals, organs and 
excreta of rabbits were analysed following injection with phenylarsen- 
oxide, mapharsen (m-amino-p-hydroxyphenylarsenoxide) and with the 
arsonic acid corresponding to each arsenoxide. This work had to be 
abandoned without completing the full programme originally planned, 
but it is thought that the results obtained should be put on record. 
While further information on certain points would be desirable, the 
main objective has been attained. 

A great deal of work has been published on the fate of mapharsen 
in the body following intravenous injection. The distribution and 
excretion of arsenic following treatment of dogs with massive doses 
was studied by Magnuson and Raulston [1941]. Figures for the 
excretion of mapharsen by dogs have also been given by Gruhzit, 
Dixon et at. [1936]. In rats, the distribution has been described by 
Wright etal. [1937] and the excretion by Voegtlin and Thompson [1922], 
Excretion figures for mapharsen in man have been reported by Foerster 
and his co-workers [1935] and by Henning and Kampmeier [1943]. All 
figures for the excretion of mapharsen are in agreement in suggesting 
that this is a fairly rapid process, at least half of the arsenic admini- 
stered being cleared in a week. In man and the dog, in contrast to 
the rat, more arsenic was found in the fseces than in the urine. 

In a paper received after we had ceased work on this problem, 
Hogan and Eagle [1944] give an account of a detailed and extensive 
study of the basis for the varying toxicity of arsenicals. Results are 
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qiioted for the distribution and excretion of a number of compounds 
injected intravenously into rabbits. Some of the figures refer to 
compounds with which we worked. The excretion of arsenic in urine 
and faeces combined was quicker and more complete with mapharsen 
than with phenjdarsenoxide. Injection of median lethal doses of 
phenylarsonic acid and phenylarsenoxide gave comparable tissue levels 
once the initial rapid excretion was over, in spite ( of the sixteen-fold 
difference in the amount of arsenic injected. As with other arsenicals, 
mapharsen and phenylarsenoxide were bound by liver and kidney in 
proportion to their toxicity. 

The only other published figures available for the arsenicals dealt 
with here appear to be those given by Voegtlin and Thompson [1922] 
for the excretion of fli-amino-p-hydroxj’phenylarsonic acid in rats. 
Twenty-four hours after intravenous injection, 89 per cent, of the 
arsenic was found in the urine and 5 per cent, in the faeces. Other 
studies on the fate of organic arsenicals in the body deal with arsphen- 
amine and neoarsphenamine [Voegtlin, 1925; Underhill and Dimick, 
1928; Kraft et al., 1938]. 

Experimental. 

Before use, phenylarsenoxide was recrystalhzed from a mixture of 
benzene and ether, and phenylarsonic acid was recrystallized from water. 
Solutions of these for injection were prepared by dissolving the solid 
in sodium hydroxide solution containing sufficient sodium ion to give 
a concentration in the final volume equivalent to that in 0*9 per cent. 
KaCL Before the final dilution, the solution was brought to neutrality 
with hj^dro chloric acid, using a glass electrode. Solutions of m-amino- 
p-hydroxyphenylarsonic acid were made up immediately before use 
by adding equivalent amounts of NaHC0 3 to aqueous suspensions of 
the soh'd. In the case of mapharsen, a commercial preparation 
(“Mapharside,” Parke, Davis & Co.) was used. The total arsenic 
concentrations in the solutions of all the compounds were checked by 
analysis, and the tri valent arsenic contents were determined by iodine 
f titration. The arsenicals were administered by intravenous injection. 

For experiments involving the collection of urine and faeces, male 
rabbits only were used. They were kept in metal metabolism cages 
of the usual type. This led to no appreciable error through contamina- 
tion of the excreta or retention of arsenic by the metal. At the end 
of each period of collection of excreta, the animal was catheterised and 
the urine added to that obtained from the -washed metabolism cage. 
In all experiments, heparin (500 I.U.) was injected before killing the 
animal. The rabbit was then stunned and bled from the carotid 
arteries. More heparin (ca. 500 I.U.) was added to the blood, and the 
cells were separated by centrifuging. Organs were cut up into small 
pieces and aliquots were taken for arsenic determination [Levvy, 1943] 
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after as much residual blood as possible had been removed by wiping 
with filter paper. Wherever possible, replicate samples were analysed. 
No detectable amounts of arsenic were found in the organs or excreta 
of normal animals. 

Results. 

Table I summarizes the results of all experiments with the four 
arsenicals studied. Doses are expressed in terms of elemental arsenic. 
To adjust for differences in dosage, the figure found for As in each g. 
of moist tissue was divided by the number of mg. As injected per kg. 

Table I. — Distribution and Excretion of Arsenic. 

{Tissue figures: /<g. As/gm. for dose of 1 mg. As/kg. Excretion figures: 

/fg. As per mg. As injected, “tr”: trace, “nd”: not done.) 
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Expt. no. . 
Arsenical . 

Time killed, lirs. 
Dose, mg. As/kg. 
Wt. of rabbit, kg 
Sex . 


Lung 
Liver 
Kidney 
Blood cells 
Plasma 

Small intestine . 
jMusclo (vol.) 
Brain 
Heart 

Bone (rib) + marr< 
Bone marrow 
Spleen 
Skin -f hair 
Gall-bladdor ( + 
tents) 


Urine : Day 1 


Faces. Day 1 
2 

3 

4 

5 

6 


Total As in body, 
/ig./mg. injected 

Total As accounted for, 
//g./mg. injected 



m-Ammo-p-li) droxv 
phenjl arson ic acid. 


0-12 

nil 

ml 

0-55 

0 27 

ml 

0-21 

ml 

ml 

0-05 

ml 

ml 

nil 

ml 

nil 

0 07 

ml 

ml 

ml 

tr 

ml 

ml 

ml 

ml 

nil 

ml 

ml 

ml 

0 22 

ml 

nil 

ml 

nd 

nil 

ml 

ml 

tr 

0*09 

ml 

ml 

nd 

ml 


827 677 nd 


25 nd 
ml 


1 


2C8 I 209 I 198 57 36 36 ml 171 200 51 


740 942 712 . . . . 742 



weight, before entry in the table. With even distribution of arsenic 
throughout the body, and without any excretion, the figure in the table 
for each tissue would be 1*0. “Trace” indicates that the amount of 
arsenic present, while detectable, was so small that for that particular 
sample the analytical results had no quantitative value. In no case 
in which “trace” appears in the table was there more than 4 fig. As 
in the weight of tissue taken for analysis, excluding As in reagents. 
The weights of the samples analysed were governed largely by the 
sizes of the organs and ranged from about 1 to 20 g. 

Results for urine and faeces are given in the table as fig. As excreted 
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for each mg. As injected into the whole animal. Complete excretion 
would thus be represented by the figure 1000. 

The use of this rather abstract notation to express the experimental 
results is felt to be justified since it facilitates comparison between 
different experiments by eliminating the variables body-weight and 
dosage, and since the results thus expressed lend themselves to further 
calculation. The figures shown in Table I for total arsenic remaining 
in the body at the time of sacrifice were calculated by means of data 


Table II, — Fate of the Arsenic after Injection of Phenyl arsenoxide. 
(Expt. 3STo. 16. Rabbit lulled 168 hours after injection of 0-45 mg. As/kg.) 


■H 

(A) 

/<g, As/gm. for dose 
of 1 mg. As/kg. 

(B) 

Wfc. of tissue, 
gm./kg. body-wt. 

(A xB) 

/*g. As per mg. 
injected. 

Lung 

tr 

6 

tr 

Liver 

1-47 

34 

50 

Kidney . 

1*67 

7 

12 

Blood cells 

tr 

22 

tr 

Plasma . 

tr 

44 

tr 

Muscle (vol.) 

0*76 

486 

368 

Heart 

nil 

3 

nil 

Bone 

tr 

75 

tr 

Skin -fhair 

tr 

125 

tr 

Other tissues . 

_ 

0*84 

198 

„ 166 

Total As in body 



596 

Total As in urine 

... 

* ♦ . . 

201 

Total As in faeces 

. 

* 

52 

Total As accounted for ....... 

849 


given by Levine et al. [1941] for the average weights of the organs and 
tissues of the rabbit. Table II shows the calculation in detail for one 
experiment. It will be seen that multiplying the arsenic concentration 
(as expressed in Table I) in any one tissue by the weight* of the tissue 
in g-/bg. body-weight gives the arsenic in the total weight of the tissue 
as fig./mg. injected, i.e. in the same terms as the excretion figures. It 
was assumed in these calculations that the cells accounted for one- 
third of the total weight of blood and that those tissues not listed had 
the same average arsenic content as small intestine, for which no 
separate details are given by Levine et al. The weight of 4 4 other 
tissues” (including small intestine) was arrived at by difference. It 
should be noted that in working out the fraction of the body -weight 
represented by each tissue, the weight of blood was included in the 
total. This was not done by Levine et aL 
VOL. XXXIII, K0. 2, — 1945. 
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Discussion. 


With none of the arsenicals studied does variation in dosage appear 
to have affected the relative distribution of arsenic in the body to any 
great extent. Phenylarsenoxide was in contrast to the other arsenicals 
in that a very high concentration of arsenic was found in the lungs one 



Fjg. 1 . — Average arsenic content of lung at various periods. 

• •, phenylarsenoxide. 

© — — ©, maph arson. 

x x , phenylarsonic acid. 

g g, w-amino-^diydroxyphenylarsonic acid. 

hour after injection. Twenty-four hours after administration of phenyl- 
arsenoxide, however, the arsenic in the lungs was only just detectable. 
In comparison with other organs the liver and kidney took up relatively 
large amounts of all four compounds per unit weight of tissue. The 
proportion of the dose of As taken up by these organs was particularly 
high after the injection of phenylarsenoxide. An appreciable amount 
of arsenic was still present one week after the injection of this coin- 
pound (fig- 1)* Little or no arsenic was present in the blood plasma 
or cells twenty-four hours after injection of any of the arsenicals. It is 
f interest to note the immediate fixation of arsenic by the blood cells 
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which occurred after injecting plienylarsenoxide, but which was not 
seen in the case of either arsonic acids. Intestine and heart had, on 
the whole, higher arsenic contents than voluntary muscle. Since it 
represents a large fraction of the total body -weight (Table II), voluntary 
muscle may contain a great-part of the arsenic in the body, in spite of 
the relatively' low arsenic concentrations usually found in this tissue. 



Fio. 2. — Cumulative daily excretion of arsenic in urine and f faces combined 
(averaged results) » 

• • , 'plienylarsonoxido. 

© ©, mapharsen. 

x x , phenylarsonic acid. 

® <g), m-amino-p-hydroxyplienylarsonic acid. 


The intestinal tract is probably also important in this respect. In 
these two tissues, a higher concentration of arsenic in proportion to the 
dosage was present following injection of plienylarsenoxide than after 
either of the hrsonic acids. Mapharsen occupied an intermediate 
position in this respect. It is of interest to note that in no expeidment 
was arsenic present in the brain in measurable amounts. 

With both arsenoxides, in contrast to the arsonic acids, the figures 
for arsenic in the gall-bladder and its contents suggest that there was 
excretion of arsenic in the bile, but from the amounts of arsenic found 
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in the feces reabsorption may have occurred. The total amount of 
arsenic excreted with the feces was much less than in the urine in all 
experiments, the difference between the two modes of excretion being 
less marked with the arsenoxides than with the arsonic acids. Fig. 2 
shows the course of the arsenic excretion in urine and feces combined, 
ft can be seen that excretion was quicker and more complete with the 
two arsonic acids than with mapliarsen, and in turn with mapharsen 
than with phenylarsenoxide. In one experiment with mapharsen 
(No. 12) the animal was in such poor condition that it had to he killed 
six days after injection, and its condition may have affected the excretion. 
Only one experiment of a week’s duration was carried out with 
phenylarsenoxide. However, the findings for the excretion of this 
compound and of mapharsen agree with the results obtained by Hogan 
and Eagle [1944]. 

Although too much weight should not be attached to the calculated 
figures for arsenic remaining in the body, these give the same picture 
for the relative rates of clearance of the four arsenicals as that obtained 
from the excretion results. No explanation can be offered for the poor 
recoveries of arsenic in experiments 8, 13, and 14. 

Figures quoted in the literature for the toxi cities of the four arsenicals 
dealt with in this report on intravenous injection into rabbits are 
shown in Table III. It seems that the differences in toxicity, including 
that between the two arsenoxides, can be partly explained by the 
differences in the rates of excretion (fig. 2) and in the amounts of 
arsenic fixed by the body cells. Thus the lower toxicity and corre- 
spondingly greater chemotherapeutic index [Eagle et ah, 1940] of 
mapharsen compared with phenylarsenoxide may be due to a direct 
or indirect effect of the substituents in the benzene ring in hastening 
clearance. However, the excretion of phenylarsonic acid is as rapid 
as that of m-amino-p-hycLroxyphenylarsonic acid, suggesting that the 
valency of the arsenic is of more direct importance than substitution 
in the phenyl group in this particular. 

Hogan and Eagle [1944] also concluded that, in uncomplicated cases, 
the toxicity of an arsenical is related to the rate of excretion and that 
both are dependent on the extent to which arsenic is hound by the body 
tissues. They found that fixation of arsenic by red blood cells in vitro 
provided a model for fixation by tissues in vivo . Their figures for tissue 
arsenic contents after injection of rabbits with phenylarsenoxide, 
phenylarsonic acid, or mapharsen are, where comparable, in agreement 
with our own in most respects. This is also true for results obtained 
by other workers who studied the distribution of mapliarsen in the 
body [Magnuson and Baulston, 1941; Wright et ah, 1937], except in 
the case of bone, in which very high arsenic contents were found in 
Maanuson and Baulston’s experiments with dogs. 

Results obtained by I. D. E. Storey [unpublished work] in a study 
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Table III. — Toxicities or Arsenicals for Babbits on Intravenous 


Injection. 

Compound, 

Formula of solid usod. 

Lethal 
dose, 
mg. /kg. 

Boforenco. 

Phenylarsenoxide 

C 0 H*AbO 

0*79 

Engle ct al. [1940]. 

llliB 

3 NH 3 C1— 4— OH CjHjAsO, 
1C £ H 5 0H 

13*3 

Eagle cl al. [1940]. 

Phenykrsonie acid 

C 6 H 5 As0 3 HNa 

CeH 3 As0 3 H2 

70 

i 

16 

Young and Loeven- 
hart [1924], 
Hogan and Eagle 
[1944]. 

m- Amino -p -by droxy- 
phenylarsonic acid * 

3 NH a — 4— OH C e H 3 As0 3 Na, 

100 

i 

Young and Looven- 
hart [1924]. 


* From a figure given for the toxicity of this compound in mice by Hogan and Eagle 
[1044], vrtio find that mouse toxicities generally parallel rabbit toxicities, it seems possible 
that the median lethal dose of this compound on intravenous injection into rabbits is 
nearer 500 mg. /kg. 

of the fate of inorganic arsenite and arsenate in the body confirmed the 
view of Voegtlin and Thompson [1922] that the difference in the 
toxicities of these two compounds for the whole animal can be explained 
from the different rates at which the arsenic is cleared from the body. 
In addition to determining total arsenic, Storey carried out separate 
estimations of arsenite and arsenate in the urine by the method of 
Crawford and Storey [1944], and came to the conclusion that the rate of 
clearance of arsenite was governed by the rate of its oxidation in the 
body to arsenate. It seems possible that the more rapid clearance and 
the lower toxicity of mapharsen as compared with phenylarsenoxide 
are both due, in part at least, to readier conversion in the body to the 
corresponding arsonic acid. The toxicity and the rate of excretion 
of an organic trivalent oxide of arsenic may be determined to some 
degree by the rate of its oxidation in the body to the pentavalent 
arsenical. 

It is unfortunate that the amounts of arsenic in blood,* brain, and 
cerebrospinal fluid after administration of organic arsenicals are 
usually too small for accurate measurement, in spite of the very 
sensitive quantitative chemical methods now available for arsenic 
determination in biological material [Chaney and Magnuson, 1940; 
Cassil and Wichmann, 1939; Levvy t 1943]. The use of radio-isotopes 
of arsenic should yield valuable information regarding these very 
important fractions of the arsenic administered. So far, work on the 
distribution and excretion of radio-arsenic has dealt only with arsenite 
and arsenate [Born and Timofeeff, 1941; Du Pont el al. 9 1942; Hunter 
ct al, 1942]. 
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StnimABY, 


1. The effect of changing the valency of the arsenic and of intro- 
ducing substituents into the benzene ring on the distribution in the 
body and excretion of an aromatic arsenical has been studied, using 
phenylarsenoxide, phenylarsonic acid, m-amino-p-hydroxyphenyiarsen- 
oxide (mapharsen), and m-amino-p-hydroxyphenylarsonic acid, injected 
intravenously into rabbits. 

2. A high arsenic content was found in liver and kidney in all cases, 
and also in lung in the ease of phenylarsenoxide. 

3. The ratio between the total amounts of arsenic excreted in the 
urine and in the feces varied widely with the different compounds, but 
the urinary output predominated in all experiments. The arsonic 
acids were cleared from the body more rapidly than the corresponding 
arsenoxides. Of the latter, unsubstituted phenylarsenoxide was the 
more slowly excreted. 

4. The slow rate of clearance of phenylarsenoxide may explain its 
high toxicity as compared' with the other arsenicals studied. It is 
thought that the slow excretion and high toxicity of phenylarsenoxide, 
as compared with mapharsen, may be due to slower oxidation to the 
corresponding arsonic acid. 


The authors wish to express their gratitude to the Pirector General, 
Scientific Research and Development, Ministry of Supply? for per- 
mission to publish this paper ; to the Earl of Moray Fund for partially 
defraying the expenses of this work; to Messrs. May & Baker for a supply 
of ?ft-ammo-p~hydroxypkenylarsonie acid; and to G. Abbot and J* 
Thomson for technical assistance. 
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Summary. 


L The effect of changing the valency of the arsenic and of intro- 
ducing substituents into the benzene ring on the distribution in tile 
body and excretion of an aromatic arsenical has been studied, using 
phenylarsenoxide, phenylarsonic acid, Ta-amino-^-hj^diuxypbenylarsen- 
oxide (mapharsen), and w-amino-p~kydroxyphenylarsonic acid, injected 
intravenously into rabbits. 

2. A high arsenic content was found in liver and kidney in all cases, 
and also in lung in the case of phenylarsenoxide. 

3. The ratio between the total amounts of arsenic excreted in the 
urine and in the faeces varied widely with the different compounds, but 
the urinary output predominated in all experiments. The arsonic 
acids were cleared from the body more rapidly than the corresponding 
arsenoxides. Of the latter, unsubstituted phenylarsenoxide was the 
more slowly excreted. 

4. The slow rate of clearance of phenylarsenoxide may explain Us 
high toxicity as compared' with the other arsenicals studied. It is 
thought that the slow excretion and high toxicity of phenylarsenoxide, 
as compared with mapharsen, may be due to slower oxidation to the 
corresponding arsonic acid. 


The authors wish to express their gratitude to the Director Genera , 
Scientific Research and Development, Ministry of Supply? for ^per- 
mission to publish this paper; to the Earl of Moray Fund for partially 
defraying the expenses of this ivork ; to Messrs. May & Baker for a supply 
of 7?^-amino-jp-hydroxyphenylarsonic acid; and to G. Abbot and u* 
Thomson for technical assistance. 
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THE EFFECT OF SECTION OF THE SUPRAOPTICO-HYPO- 
PHYSEAL TRACTS ON THE INHIBITION OF WATER- 
DIURESIS BY EMOTIONAL STRESS. By W. J. O’Connor 
(Beit Memorial Research Fellow). From the Pharmacology 
Laboratory, Cambridge. 

{Received for publication 11 th April 1945). 

Rydhs t and Verney [1938] and O’Connor and Verney [1942, 1945] 
investigated the inhibition of urine flow which occurs in the dog following 
emotional stress induced during water- diuresis. Two types of inhibition 
were distinguished by O’Connor and Verney [1945] — a rapid type due to 
vaso-constriction in the kidney during the emotion, and a sZourtype due 
to the release of antidiuretic substance from the neurohypophysis and 
almost completely abolished by removal of the posterior lobe of the 
pituitary [O’Connor and Verney, 1942]. After denervation of the 
kidneys and suprarenal glands, the slow type occurred consistently in all 
tests and in all animals [O’Connor and Verney, 1945], and so the presence 
of a sloiv inhibition of water-diuresis in response to emotional stress in 
animals previously submitted to denervation of the kidneys and supra- 
renals forms a test of the functional activity of the neurohypophysis. 

Fisher, Ingram, and Hanson [1938] produced permanent diabetes 
insipidus in cats and monkeys by lesions in the hypothalamus so placed 
as to destroy the supraoptic nuclei or to interrupt the supraoptico- 
hypophyseal tracts, and evidence was presented which strongly 
supported the explanation that the polyuria was due to lack of anti- 
diuretic substance in consequence of atrophy of the neurohypophysis 
following the tract section. In this paper the function of the neurohypo- 
physis after section of the supraoptico-hypophyseal tracts in the dog will 
be tested by experiments designed to demonstrate that, in dogs rendered 
polyuric by tract section, emotional stress causes no release of anti- 
diuretic substance as shown by the absence of the sloiv type of inhibition 
of water -diuresis, the kidneys and suprarenals having been previously 
denervated. 

Methods. 

The experimental procedures in these experiments were those 
described by 0 Connor and Verney [1942]. Four bitches were used, 
all being fully-grown animals between 8*5 and 12 kg. in weight. Before 
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was quite as great as that which caused the large inhibition of fig* 1> hut 
in the tests after tract section illustrated in fig- 2, only small inhi ltions 



Fig. 1* — Inhibition of water- diuresis by emotional stress in a bitch before section 
of the supraoptic o- hypophyseal tracts but after denervation of kidneys and supnv* 
renals; “Tanner I ”, weight 8-5 kg. The test dose of 300 c.c. of water was given at 
zero time, and times in minutes after the administration of the water are plotted 
as abscissae. Ordinates show the rate of urine secretion in c.c. per minute during 
the period preceding the plotted point. All graphs in this paper are plotted in 
this way. At S the dog was excited by faradic stimulation applied to the flanks 

for one minute. 




Fig. 2.—' The effect of the same emotional stimulus on the same animal as in 
fig. 1, but 35 (a) and 70 (6) days after section of the supra optico -hypophyseal 
tracts. Ordinates and absciss® os in fig. 1* 


of the diuresis followed. In all, 44 tests of the effect of emotional stress 
were made an the four dogs after tract section; 29 resulted in inhibitions 
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the observations were begun each animal was submitted to the operation 
described in the previous paper in which the kidneys were denervated, 
the splanchnic nerves cut, and the second, third, and fourth lumbar 
ganglia excised with the sympathetic chain between them; it is thh 
operation which has been referred to above as “denervation of the 
kidneys and suprarenals.” 

To section the supraopti co-hypophyseal tracts, the pituitary region 
was exposed through the mouth by the diasphenoid route, the method 
being similar to that used for the removal of the posterior lobe [Pickford, 
1939; O’Connor and Verney, 1942]. For the present purpose the 
incision in the bone was made further forward so that, when the inner 
table had been removed, the anterior lobe of the pituitary was visi e 
in the posterior third of the hole and the optic chiasma at the anterior 
edge. The dura was then incised to expose the tuber einereum, vn 
a tenetome a stab wound was made between the optic chiasma an 6 
pituitary to a depth of about 0-4 cm., and the superficial extent of this 
wound carried on each side as far laterally and caudalwards as possible. 
In one animal diathermy with a narrow blade was used to ma 'e e 
lesion. As in the previous paper [O’Connor and Verney, 1942], a • e 
conclusion of the observations on each animal, the brain was xe 
situ and serial sections of the pituitary and hypothalamic regions cu , 
so that the precise nature of the lesion could be determined, as we 
the consequent changes in the pituitary and hypothalamus. 


Results. 

The Effect of Tract Section on the Inhibition of Water-Diuresis by 
Emotional Stress. 

In each animal after denervation of the kidneys and 
a large inhibition of water-diuresis was obtained at each test of the 
of emotional stress, the inhibition being of the slow type, but, alter 
section of the supraoptico-hypophyseal tracts, emotional stress in a 
during water-diuresis caused no or only a very small inhibition ot 
urine flow. Figs. 1 and 2 illustrate the experiment on one dog. f 
shows the diuresis in response to 300 c.c. of water after de " er ™ ry 
the kidneys and suprarenals but before any operation on t e * P 
or hypothalamus. Forty-seven minutes after the admimstra i 
the water the rate of urine flow had risen to 4 c.c. per minute; farads 
stimulation was then applied to the flanks for 1 minute causing nuM 
• resentment. Seven minutes later the urine flow had ceased 
^Ldes after the stimulus the rate of flow began to increase again, and bj 
“ Z nutes from the time of stimulation the rate of flow had recovered 
50 T , o „ „ „ er minute. Fig. 2, a and b, shows the result on the same 
to about 3 . • P ^ stimu i us but 35 and 70 days after section of the 
animal ^ g hal tracts . In each case the emotional disturbance 
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hibitions by emotional stress is more prolonged than that due to 5 mU 1 
hut shorter than that due to 10 mU. In all, 5 tests were made on this 
animal of the inhibition by a stimulus of this strength and duration, and 
each was assayed as the equivalent of between 5 and 10 mU of pituitary 
antidiuretic substance. Usually the inhibition was nearer to that of 
5 mU than to that of 10, and so it is estimated that the average release of 
antidiuretic substance in response to the standard stimulus in this dog 
was 6*5 mU. After tract section a similar assay was made of the 



Fig. 4. — The estimation of the amount of antidiuretic substance liberated in 
response to the same emotional stimulus with the same dog as in fig. 3, but after 
section of the supraoptico -hypophyseal tracts, (a) The inhibitions resulting 
from the intravenous injection of 0*1, 0*3, and 0’5 mil of post -pituitary extract. 

(6) Two inhibitions by one minute of faradic stimulation; Si 22 and S 2 44 days 
after tract section. Ordinates and abscissse as in fig. 1. 

residual inhibition by the same faradic stimulus, and fig. 4 shows this 
part of the experiment on " Tanner II Fig. 4, a } presents the inhibitions 
which resulted from the intravenous injection of 0*1, 0-3, and 0-5 mU 
of posterior lobe extract; fig. 4, 6, two inhibitions which resulted from 
a faradic stimulation of the same strength and duration as that used 
before operation. In the one case the inhibition is equivalent to that 
due to 0*1 mU (Sj) and in the other 0*3 (S 2 ). In all, 9 such tests of the 
effect of emotional stress were made after tract section on this animal; 
2 of the responses were assayed as equivalent to 0*3 mU, 3 as 0*1 mU, 
and in 4 the inhibition was less than that due to 0*1 mU of antidiuretic 

The extract used was that marketed by Messrs. Burroughs Wellcome under the 
numo Inf undin hand standardized to contain 10 international oxytocic units per 
c.c. Une milli -unit (mU) signifies the antidiuretic activity of 10 -4 c.c. of the 




152- 


O’Connor 


clearly smaller than that of fig. 2, b, there were 13 inhibitions of approxi- 
mately the same size and in only 2 tests was there an inhibition larger 
than that of fig. ,2, b. Thus,' it is concluded that after section of the 
supraoptico-liypophyseal tracts, the slow inhibition of water-diuresis by 
emotional stress is almost, but not completely, absent and it follows that 



Fig. 3. — The estimation of the amount of antidiuretic substance liberated in 
response to one minute of faradic stimulation before tract section; “Tanner II”, 
weight IQ kg.; kidneys and suprarenals denorvated. I)ose of water (300 c.c.) 
was given, at zero time ; ordinates and absciss® are as in fig. 1 but the early parts 
of the curves are not shown. In each case the stimulus or the injection was 
given at the arrow. Curves 2, 5, 10, 20 are inhibitions produced by 2, 5, 10, 20 
mU post -pituitary extract; and S 2 inhibitions by one minute of faradic 

stimulation. 


only a greatly diminished amount of antidiuretic substance is discharged 
under such circumstances. 

The residual inhibition by emotional stress after tract section was 
quantitatively estimated by the method described in detail by O’Connor 
and Verney [1942]; figs. 3 and 4 illustrate the experiment on one animal. 
In fig ^ comparison is made between two inhibitions produced by 
1 minute of faradic stimulation after denervation of the kidneys and 
suprarenals but before tract section, and a series of inhibitions due to 
the intravenous injection of post-pituitary extract; each of the in- 
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liibitions by emotional stress is more prolonged than that due to 5 mU 1 
but shorter than that due to 10 mU. In all, 5 tests were made on this 
animal of the inhibition by a stimulus of this strength and duration, and 
each was assayed as the equivalent of between 5 and 10 mU of pituitary 
antidiuretic substance. Usually the inhibition was nearer to that of 
6 mU than to that of 10, and so it is estimated that the average release of 



Fia. 4. — -The estimation of the amount of antidiuretic substance liberated in 
response to the same emotional stimulus with the same dog as in fig. 3» but after 
section of the supraoptico-hypophyseal tracts, (a) The inhibitions resulting 
from the intravenous injection of 0*1, 0*3, and 0*5 mU of post-pituitary extract. 

(b) Two inhibitions by one minute of faradic stimulation ,• Sj 22 and S 2 44 days 
after tract section. Ordinates and abscissae as in fig. 1. 

residual inhibition by the same faradic stimulus, and fig. 4 shows this 
part of the experiment on “ Tanner II Kg. 4, a, presents the inhibitions 
which resulted from the intravenous injection of 0-1, 0*3, and 0*5 mU 
of posterior lobe extract; fig, 4, b, two inhibitions which resulted from 
a faradic stimulation of the same strength and duration as that used 
before operation. In the one ease the inhibition is equivalent to that 
due to 0*1 mU (S x ) and in the other 0*3 (S 2 ). In all, 9 such tests of the 
effect of emotional stress were made after tract section on this animal ; 
2 of the responses were assayed as equivalent to 0*3 mU, 3 as 0*1 mU, 
and in 4 the inhibition was less than that due to 0*1 mU of antidiuretic 

X ex ^ rt ^ c k TlSe( l v’as that marketed by Messrs. Burroughs Wellcome under the 
name Inf undin”, and standardized to contain 10 international oxytocic units per 
c.c. One milli-unit (mU) signifies the antidiurotic activity of 10" 4 c.c. of the 
extract. 
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substance. The average release was 0-15 mU of antidiuretic activity, 
as the ^ result of the same stimulus which before operation caused the 
liberation of 6*5 mU. It is therefore estimated that approximately 
2 per cent, of the neurohypophysis was intact after tract section in this 
animal. Similar assays with the other three dogs gave 2, 7, and less 
than 6 per cent, of normal as the size of the residual inhibition in each 
case. 


The A?iatomical Changes in Pituitary and .Hypothalamus. 

In introducing the description of the lesions produced by the opera- 
tion of tract section, it is necessary first to discuss briefly the normal 
anatomy of the region. In the dog the pituitary stalk itself is short, 
but there is a long ventral wall where the floor of the third ventricle 
becomes evaginated and its sides folded together to form the stalk. 
Kg. 5, a * is the midline sagittal section of this region in a normal dog, 
reconstructed by measurement of the frontal sections into which the 
block had been cut, and shows the long ventral and the short dorsal 
wall of the stalk; fig. 6, a and b are two frontal sections to show the 
.evagination of the floor of the ventricle and the folding of the walls to 
form the stalk. Sections stained by Bodian’s [1936] colloidal silver 
method reveal dense bundles of nerve fibres of the supraoptico-hypo- 
physeal tracts running back in the floor of the ventricle into the ventral 
wall of the stalk and so into the pars nervosa, and further fibres can be 
seen entering at the sides of the ventral wall in the directions shown by 
the dotted lines in fig. 6, a and b . With these relationships in mind 
we may proceed to the description of the lesion produced in one dog 
(“Tanner II ”) in which the findings are typical of the animals submitted 
to tract section. 

Kg. 5, b is the reconstructed midline section of this dog, and the scar 
tissue (cross-hatched in the figures) shows the site of the main stab 
wound. The knife entered the tuber cinereum just anterior to the 
anterior lobe of the pituitary and about 1 mm. behind the optic chiasma, 
Thence the cut passed upwards and backwards across the third ventricle, 
its course being traced by the damage to the lateral walls of the ventricle 
causing them to adhere in some places, and by areas of scarring at' the 
posterior lip of the stalk of the pituitary (X in fig. 5, b) and in the posterior 
wall of the ventricle (at Y). The lateral extent of the scar is seen in the 
frontal sections of fig. 6, c~h. In fig. 6, e, and in sections 0*1 and 0*2 mm. 
anterior to it (not reproduced), the scar extended completely across the 
evagination of the ventricle with the exception of a narrow strip on the 
right side (Z in fig. 6, e) where a scanty network of nerve fibres was found 
throughout the sections adjacent to that of fig. 6, e . Behind this level 
(fig. 6, /) the floor of the evagination was not directly, damaged, but the 
lateral wall has been severed on each side by lesions extending back 
beyond the posterior wall of the stalk (fig. 6, g ). Thus the lesion was 
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V-shaped and so placed as to interrupt the -fibres of the supraoptico- 
hypophyseal tracts as they enter the anterior and lateral aspects of the 



Fig. 5. — (a) Midline sagittal section of tho hypothalamic and hypophyseal 
regions of a normal bitch; weight 10 kg. (6) Similar section from a bitch after 
section of the supraoptico-hypophyseal tracts; “Tanner IX”, weight 10 kg. In 
this and in fig. 6 scar tissue in the nervous structures is indicated by cross-hatching. 

OG, optic chiasma; OT, optic tract; M, mamillary bodies; F, column of tho 
fornix; PA, pars anterior; PN, pars nervosa; PI, pars intermedia; V, third 
ventricle. Other lettering is referred to in the text. The lines 6a, 6, etc., indicate 
tho pianos of tho frontal sections of fig. 6. Enlargement x 8- 

stalk, and the interruption of the fibres is shown by the sections stained 
with silver. Anterior to the lesion, the floor of the third ventricle 
(A in figs. 5, b , 6, c and d) contains a network of nerve fibres, and fibres 
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6, (a) and (6) Frontal sections through the hypothalamus and pituitary 

stalk of the normal dog in the planes indicated in fig. 5, a. (c)-(h) Frontal 
sections of the region in “Tanner IX” in the planes indicated by the lines in fig. 5, b. 
Lettering as in fig. 5. Enlargement x8. 


\ 
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can be seen streaming in as shown by the dotted lines of fig, 6, c and d • 
There is, however, no mass of longitudinally running fibres as is present 
in the normal dog. Behind the lesion, the walls of the evagination are 
reduced in thickness from about 0*4 mm. in the normal animal to 0*15 
mm., and the bundles of nerve fibres which pass along the stalk are 
completely absent, only an occasional nerve fibre being seen in the silver 
sections. Similarly the pars nervosa is greatly shrunken (compare 
fig. 5, a and b) and there remain but few nerve fibres of the bundles and 
network present in the normal gland. In agreement with Fisher, 
Ingram, and Ranson [1938], there is hypercellularity of the shrunken 
stalk and pars nervosa, and in the hypothalamus there is obvious loss of 
cells from the supraoptic nuclei. The pars anterior and pars intermedia 
remain normal. The diagrams also show other damage in the hypothala- 
mus confined to the walls of the ventricle, with obliteration of the cavity 
in some places and enlargement at others (fig. 6, c-7i), while the sagittal 
sections of fig. 5 show the distortion of the ventricle produced by the 
retraction of the scar adherent to the overlying dura. 

The examination of tw*o of the remaining animals revealed pictures 
in all respects similar, the essential lesion being the section of the anterior 
and lateral walls of the ventral prolongation of the stalk. In the other 
dog (“Tanner I”), the experiment on which is illustrated in figs. 1 and 2, 
the initial stab wound was in the same situation as that illustrated in 
fig, 5, 6, hut did not extend to a depth greater than necessary to sever 
the ventral wall of the evagination and there was no extension back- 
wards or to either side. Nerve fibres were found entering the lateral 
sides of the stalk in considerable numbers and could be traced back 
along the stalk to the pars nervosa; obviously the supraoptic-hypo- 
physeal tracts were not completely interrupted in this case, although 
the great mass of fibres in the anterior wall of the stalk was absent and 
the usual shrinkage and hypercellularity of the pars nervosa were found. 


Polyuria after Traci Section . 

From time to time before and after tract section, the animals were 
kept in metabolism cages to enable a record of the daily urine volume to 
be obtained; during a period of urine collection the diet was always 
8 oz. of dog biscuits per day with water ad libitum . Fig. 7 shows the 
polyuria which resulted from tract section in one of the animals. The 
onset of the polyuria was in three phases as described by Fisher, Ingram, 
and Ranson [1938] for cats and monkeys; thus in fig, 7 there is a 
temporary polyuria” until the 7th day after tract section, then there 
is a normal interphase” from the 7th-10th days, and thereafter the 
“permanent polyuria”. Fig. 7 is typical of the results in all four 
animals, the three phases being clearly present in each experiment. 

In three of the animals an increase in the daily urine volume persisted 



158 


O’Connor 


throughout the four months that the animals were kept, although in 
two of these (“Tanner II”; “Span”, fig. 7) the degree of polyuria 
decreased during this time. In the third animal .(“Soho”) a high 
P°}y mia was maintained throughout. The remaining animal 
( Tanner -I ) showed a definite temporary polyuria and interphase, 
ut in the permanent phase excreted only 1*5 times the preoperative 
volume of urine. It was in this animal that the post-mortem revealed 



Pig. 7, — -The daily urine volume after section of the supraoptico ‘hypophyseal 
tracts; “Span”, freight 10 kg., kidneys and suprarena Is denervated. ^ The tract 
section was at the arrow, and days after operation are plotted as absciss®. The 
daily urine volume in c«c. is plotted as ordinates. Urine volume was measured 
at 9.30 a.m, and each plotted point- shows the volume during the preceding 24 
hours. The lines NIST indicate the range of the daily urine volume in this animal 

before operation. 


fibres of the supraoptico-hypophyseal tracts, not sectioned at the 
operation, reaching the stalk and posterior lobe. 

In three of the animals tests of the inhibition of water-diuresis by 
emotional stress were made on the days immediately following the tract 
section, during the period of the temporary polyuria. In each case the 
animal was apparently quite well and responded to the stimulation with 
the usual mild resentment, but in all tests only a small inhibition of 
water-diuresis occurred; it was no larger than the inhibitions sub- 
sequently observed in response to the same stimulus during the 
permanent phase of the polyuria. 


Discxxssiok. 

Section of the supra optico-hypophyseal tracts, carried out in dogs 
by the method described in this paper, has results entirely similar to 
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those described by Eislier, Ingram, and Hanson [1938] using cats and 
monkeys; polyuria supervenes with the typical three stages in its 
onset; there is a loss of cells from the supraoptic nuclei; and the pars 
nervosa and stalk of the pituitary shrink, contain more cells than 
normal, and lose their bundles and network of nerve fibres. Fisher ,and 
Ingram [1936] have described experiments which show that extracts 
of the shrunken neurohypophysis of diabetic cats contain less than 8 per 
cent, of the pressor, oxytocic, and antidiuretic activity found in the 
normal neurohypophysis; Hickey, Hare, and Hare [1941] similarly 
found no antidiuretic activity in extracts of the posterior lobes of rats 
after section of the pituitary stalk. We can now add the additional 
fact that after tract section there is only a small inhibition of water- 
diuresis by emotional stress, corresponding to the release of less than 
7 per cent, of the amount of antidiuretic substance fiber ated into the 
blood-stream in response to the same stimulus before operation. Thus, 
this new fact agrees with other evidence that the interruption of the 
supraoptico -hypophyseal tracts causes atrophy and so loss of function of 
the neurohypophysis. The inference is compelling that, in animals 
polyuric after section of the supraoptico-hypophyseal tracts, there is 
absence of the antidiuretic hormone normally produced by the neuro- 
hypophysis. The polyuria is then explained as the release from the 
restraint normally imposed by the neurohypophysis in its humoral 
control of the secretion of urine. 

Fisher/ Ingram, and Ranson [1938] regard the neurohypophysis as 
consisting of three parts ; the pars nervosa, the pituitary stalk, and the 
median eminence of the tuber cinereum, which all have a similar histo- 
logical structure. Accordingly, simple removal of the posterior lobe, 
leaving the stalk intact, does not result in permanent diabetes, because 
sufficient tissue of the neurohypophysis remains in the stalk and median 
eminence to restrain the rate of urine secretion; on the other hand this 
tissue also atrophies when the tracts are sectioned sufficiently far forward 
and so diabetes results. A correlation was therefore expected between 
the daily urine volume of dogs after removal of the posterior lobe or 
section* of the supraoptico-hypophyseal tracts and the size of the residual 
inhibition produced by faradic stimulation. The data from this series 
and the previous paper [O’Connor and Verney, 1942] are collected in 
Table I and show no such correlation, the residual inhibition being of the 
order of 5 per cent, of its preoperative size in both groups of animals. 
However, Table I gives grounds for doubting whether the residual 
inhibition is a measure of the amount of functional tissue remaining in 
the neurohypophysis. Tanner I” was the animal in which the section 
of the stalk was found at post-mortem to be incomplete and in which 
nerve fibres were found reaching the pars nervosa, yet the residual 
inhibition by emotional stress was only 2 per cent, of the preoperative 
inhibition* By this criterion the loss of neurohypophysis was more 
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Table L 


Operation. 

Dog. 

Daily urine volume 
3-6 weeks after 
operation. 

Inhibition of 
water-diuresis 
by emotional 
stress. 

Section of supra- 

Span 

320 

less than 6 

optic tracts 

Tanner I 


o 


Hobo 

600 ' 

7 


Tanner II 

200 

2 

Removal of the 

' Spick 

110 

i ’ 7 

posterior lobe of 

Sin 

170 


the pituitary 

Tarzan 

100 

3 

t 

Scatterbrain 

100 

5 


In columns 3 and 4 the figures are expressed as percentage of the preopetative 
value for that animal. 


complete than that suffered by fc Hobo ”, where the stalk was completely 
severed and a good polyuria followed. It appears then that the residual 
inhibition by emotional stress may not be an accurate measure of the 
small residual function of the neurohypophysis following operative 
procedures, and other methods wdll be required to establish by direct 
evidence that there is a significant residual function of the neurohypo* 
physis to account for the absence of diabetes following removal of the 
posterior lobe. 


Summary. 

1 . Section of the supra op tico -hypophyseal tracts in four dogs resulted 
in atrophy of the neurohypophysis and a varying degree of diabetes 
insipidus. 

2. After section of the supraoptico-hypophyseal tracts, a greatly 
reduced amount of antidiuretic substance was released from the neuro* 
hypophysis during emotional stress, as was shown by an almost complete 
abolition of the slow type of inhibition of water-diuresis. The amount 
of antidiuretic substance released was approximately 5 per cent, of the 
amount liberated in response to the same stimulus before tract section. 

3. There was no difference in the size of the residual inhibition by 
emotional stress after tract section and after removal of the posterior 
lobe of the pituitary. 

4. The results are discussed in relation to the production of diabetes 
insipidus by section of the supraoptico-hypophyseal tracts. 

I wish to acknowledge the assistance of Sir. E. E. Verney in the 
operative work of this paper. 
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A STUDY OP SOME CONDITIONS INFLUENCING THE RATE OF 
EXCHANGE OF OXYGEN IN BLOOD IN VITRO. By J. 
Fegler and Jean.Banister. From the Physiology Department, 
Edinburgh University. 

[Received for publication 23rd April 1945.) 

Introduction-. 

Bancroft and Hill [1910] were the first to estimate the velocity of 
release of oxygen from a solution of hsemoglobin. They bubbled a 
stream of nitrogen through the solution and noted a speeding up of the 
reaction with an increase of temperature. Later Mathison [1911] used 
a modification of the bubbling method for measurement of the velocity 
of release of oxygen from defibrinated blood, and showed that the 
addition of carbon dioxide or other acids to the blood increased the 
velocity of the process. Oinuma [1911], working with Mathison’s 
method, measured the relative rates of uptake and release of oxygen in 
defibrinated blood. He used hydrogen to reduce the blood and 
equilibrated it with oxygen at a partial pressure of 100 mm. Hg for 
measurements of the rate of uptake and reversed the procedure for the 
measurement of release. Oinuma’s experiments indicated that the 
velocities of uptake and release of oxygen tended to be the same at 
37-5° C., and partial pressures of oxygen of 100 mm. Hg and of carbon 
dioxide of 40 mm. Hg. Koeller [1923], working with a colorimetric 
method, measured the rates of oxygenation and reduction of the blood 
at 38° C. He confirmed Oinuma’s finding that the rates were equal 
at this temperature and under the influence of carbon dioxide or other 
acids added to the blood. His results also confirmed Oinuma’s observa- 
tions on the effect on the velocity of oxygenation of blood of exposure to 
different partial pressures of oxygen. 

Hartridge and Houghton [1923, 1925, 1926] published a series of 
papers containing their results on velocity of oxygenation and reduction 
of diluted solutions of laked blood. Their ingenious method enabled 
them to measure the absolute time factor involved in the reduction of 
oxyhemoglobin and oxygenation of reduced hsemoglobin. They 
achieved almost instantaneous mixing of their oxyhemoglobin solution 
with the reducing solution of sodium hydrosulphite in a specially 
constructed chamber. The mixture was then forced at constant rate 
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through a glass tube and the percentage of oxyhsemoglobin estimated at 
different sectors, with Hartridge J s reversion spectroscope. The reduc- 
tion of oxyhemoglobin was found to be complete in about 0*025-0* 125 
seconds, increase of temperature and hydrogen ion concentration 
shortening the time of the reaction. 

The reaction time for oxygenation of the hsemoglobin solution was 
found to be shorter than that for the reduction and was scarcely 
influenced by variations in temperature or hydrogen ion concentration, 
Hartridge and Houghton [1926] and Houghton [1932] then continued 
their experiments using diluted red blood cell suspensions. They 
studied the velocity of redistribution of oxygen between the oxygenating 
medium and the cells. They found that the uptake of oxygen by cell 
suspensions was about ten times slower than the uptake of oxygen by a 
haemoglobin solution of equivalent concentration. They discussed the 
rate of diffusion through the cell membrane as well as through successive 
layers of cytoplasm within the red cells. They considered that diffusion 
through the layers of the medium in which the cells were suspended 
could not be responsible for the slowing of the reaction time as the 
partial pressure of the gas in the medium was found to be constant 
throughout; but that diffusion through the red-cell membrane and 
diffusion through the layers of cytoplasm within the red cell were 
' probably the factors connected with the slowing of the reactions. 

Millikan [1936], using Hartridge and Houghton's mixing chamber, 
but a photo-electric colorimeter instead of a reversion spectroscope, 
"compared the velocity of oxygen in muscle haemoglobin solutions and 
haemoglobin solutions. In general his results confirmed those of Hart- 
ridge and Houghton on haemoglobin solutions, but -the muscle 
haemoglobin reactions tended to be quicker on the whole. Dirken. and 
Mook [1931], working on red- cell suspensions in serum, used a chamber 
similar to Hartridge and Houghton's to obtain instantaneous mixing 
of the cells and serum. Then, after appropriate time intervals, they 
separated the two by filtration, and analysed the serum. Their results 
in general confirmed those of Hartridge and Houghton. McEllroy and 
Guthrie [1927], using a manometric method, estimated the velocity of 
oxygenation of blood reduced to about 70 p.c. of its oxygen capacity 
in vacuo of man, dog, pig, and rabbit. They obtained complete 
saturation with oxygen in 4-6 minutes and found that variations in 
hydrogen ion concentration did not have a great effect on the time of 
the reaction. They observed that diluting the blood with serum or 
saline reduced the time of saturation and mentioned the possible 
importance of variations in viscosity. 

The main purpose of our investigations at earlier periods was to find 
the effect of variations in the concentration of red cells in whole blood 
on the velocity of exchange of the blood gases, and also to assess the 
importance of the mutual relations between the rates of exchange of 
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oxygen and of carbon dioxide. Thus a method had to be devised which 
would permit the necessary measurements. .Bubbling gas mixtures 
through -the blood would have been difficult to adapt for use with 
concentrated whole blood, owing to excessive frothing. The mixing 
chambers used by Hartridge and Bought on and by others probably 
would have produced less satisfactory mixing of the more concentrated 
suspensions. The colorimetric method would not allow estimation of 
C0 2 exchange. Some experiments were attempted with the manometric 
method as used for measurements of velocity of C0 2 exchange in whole 
blood [Fegler, 1944], but this excluded simultaneous measurements of 
carbon dioxide and oxygen exchanges. Mathison had considered the 
possibilities of a tonometric method but discarded it after some trials 
owing to technical difficulties. However, after many attempts it was 
found possible to design a special tonometer which overcame most of 
the disadvantages of the earlier methods. 


Methods. 

Blood Analysis . — The relative volume of red cells was estimated by 
the method described by Meyerstein [1942]. For each determination 
in duplicate the blood was spun in capillary tubes at 10,000 revolutions 
per minute for fifteen minutes exactly. The combined sampling and 
reading error was less than ±0’5p.c. of the absolute value. 

Haemoglobin determinations in duplicate were made using a photo- 
electric comparison of the concentration of haemoglobin after conversion 
to cyanhaemoglobin as described by Stadie [1920] and modified by Wu 
[1922], The photometer used was the Hilger-Spekker model. 

For estimations of the blood and plasma viscosity a low velocity type 
viscometer of Oswald pattern was used, with a capillary bore of 0-8-T0 
mm. 4*0 c.c. only of fluid was required for the measurement which was 
made in a water-bath, the temperature of which was controlled to within 
±0-2° C. Readings on any one sample could be reproduced to a 
coefficient of variation of less than 1*0. Samples of the original blood 
or blood after equilibration with the initial gas mixture were used for 
the determinations. The data given in Table II are expressed as the 
relative viscosity, which is the ratio of the time for blood or plasma 
to the time for distilled water at the same temperature. 

The determinations of pH of blood were made after equilibration at 
given temperatures with nitrogen and 6 p.c. carbon dioxide in a tono- 
meter; the pH values were taken from the nomogram given by Peters 
and Van Slyke [1932] after analysis of the gas mixture in the tonometer 
and of the carbon dioxide content of the blood. 

The rate of carbon dioxide uptake and oxygen release was measured 
y exposing blood previously saturated with pure oxygen to a gas 
mixture of nitrogen and 6 p.c. carbon dioxide (hereafter called N/C 
VOL. XXXIII, xo. 3. — 1946. 12 
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through a glass tube and the percentage of oxyhseraoglobin estimated at 
different sectors, with Hartridge’s reversion spectroscope. The reduc- 
tion of oxyhemoglobin was found to be complete in about 0*025-0*125 
seconds, increase of temperature and hydrogen ' ion concentration 
shortening the time of the reaction. 

Tlxe reaction time for oxygenation of the hsemoglobin solution was 
found ,to be shorter than that for the reduction and was scarcely 
influenced by variations in temperature or hydrogen ion concentration. 
Hartridge and Roughton [1926] and Roughton [1932] then continued 
their experiments using diluted red blood cell suspensions. They 
studied the velocity of redistribution of oxygen between the oxygenating 
medium and the cells. They found that the uptake of oxygen by cell 
suspensions was about ten times slower than the uptake of oxygen by a 
haemoglobin solution of equivalent concentration. They discussed the 
rate of diffusion through the cell membrane as well as through successive 
layers of cytoplasm within the red cells. They considered that diffusion 
through the layers of the medium in which the cells were suspended 
n could not be responsible for the slowing of the reaction time as the 
partial pressure of the gas in the medium was found to be constant 
throughout; but that diffusion through the red-cell membrane and 
diffusion through the layers of cytoplasm within the red cell were 
v probably the factors connected with the slowing of the reactions. 

Millikan [1936], using Hartridge and Roughton J s mixing chamber, ' 
but a photo-electric colorimeter instead of a reversion spectroscope, 
"compared the velocity of oxygen in muscle haemoglobin solutions and 
haemoglobin solutions. In general his. results confirmed those of Hart- 
ridge and Roughton on haemoglobin solutions, but the muscle 
haemoglobin reactions tended to be quicker on the whole. Dirken and 
Mook [1931], -working on red-cell suspensions in serum, used a chamber 
similar to Hartridge and Roughton’s to obtain instantaneous mixing 
of the cells and serum. Then, after appropriate time intervals, they 
separated the tw^o by filtration, and analysed the serum. Their results 
in general confirmed those of Hartridge and Roughton. McEHroy and 
Guthrie [1927], using a manometric method, estimated the velocity of 
oxygenation of blood reduced to about 70 p.c. of its oxygen capacity 
in vacuo Of man, dog, pig, and rabbit. They obtained complete 
saturation with oxygen in 4-6 minutes and found that variations m 
hydrogen ion concentration did not have a great effect on the time of 
the reaction. They observed that diluting the blood with serum or 
saline reduced the time of saturation and mentioned the possible 
importance of variations in viscosity. 

The main purpose of our investigations at earlier periods was to find 
the effect of variations in the concentration of red cells in whole blood 
on the velocity of exchange of the blood gases, and also to assess the 
importance of the mutual relations between the rates of exchange of 
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whole manipulation (including the tilting of the tonometer) was 
completed in 20 seconds. 

The precision of this method is shown by the figures in Table I and 
seems to "be satisfactory. 

The treatment of the blood described above caused slight hemolysis 
and some drying as determined by hsematocrit, hemoglobin, and 



Fig. 1 is an illustration of the “glass rod tonometer” placed on its rocking 
frame. 1> the tonometer of about 290 c.c. capacity. 2, sealed-on glass tube for 
collection of blood samples. 3» glass rod. 4, two-way tap for filling with gas 
mixtures. 5, needle for introduction of blood samples. 6, needle for withdrawal 
of blood samples. 7, Ostwald pipette. 


viscosity measurements. The relative degree of haemolysis between 
samples was judged by inspection of the plasma layer in the hsematocrit 
tube and was not found to be severe enough to influence significantly 
the ratio ragm. Haem Terrous/vol. of R.B.C. In some experiments 
no increase in haemolysis compared with the control sample was observed. 
The variations which occurred appeared not to affect the velocity of 
oxygen exchange. The influence of small amounts of carbonic anhydrase 
in the plasma, resulting from haemolysis, upon the kinetics of carbon 
dioxide exchange in oxalated whole blood is in course of investigation 
and the result will be described in a later communication. 

Results. 

The Character of the Velocity Curves . 

When blood equilibrated with puce oxygen or tbe N/C mixture was 
exposed to the N/C mixture or pure oxygen respectively for different 
periods of time, the velocities of the carbon dioxide and oxj^gen exchanges 
were found to diminish with time as represented in fig. 2. 

When the logarithm of the differences between 100 p.c, saturation 


mixture) for one minute in the tonometer in a proportion of 6*0 c.c. of 
blood to about 290 e.e. of gas mixture. ’ Similarly the rate of oxygen 
uptake and carbon dioxide release was measured by exposing reduced 
blood, equilibrated with the 1ST/C mixture, to pure oxygen in the same 
proportions for the same length of time. Various other times of 
exposure were also tested in some experiments enabling a curve to he 
constructed showing the course of the process. 

Samples of the blood before and after exposure were analysed 
for their oxygen and carbon dioxide content by the method for the 
simultaneous estimation of these gases in 1*00 c.c. of blood in a Van 
Slyke-Neil constant volume manometric apparatus described by Peters 
and Van Slyke [1932]. 

Preparation of Blood Samples . — Blood was collected from a 
slaughtered ox or sheep directly into a flask containing enough solid 
potassium oxalate to give a concentration in the blood of about 0*3 p.c. 
It was filtered through glass wool and measured. At this stage variations 
in the ratio mgms. of ferrous Haem per 100 c.c. of blood/red-cell volume 
p.c. were determined in twenty-five samples. The value obtained wag 
1*33 with a standard deviation of 0*06. When the relative red-cell 
volume required alteration plasma and cells were separated by centrifug- 
ing and one or the other added to the whole blood to give the required 
volume of red cells. Usually 60 c.c. portions of the blood were exposed 
to a vacuum in Buchner flasks of 2-litre capacity two or three times to 
rid them of oxygen and carbon dioxide; they were then equilibrated 
for one hour at room temperature with the required gas mixtures. The 
oxygen and N/C mixtures were commercially prepared in gas cylinders 
and their composition checked by analysis. After equilibration the 
blood was stored over mercury at 4° C. until used. Samples .were 
brought to the required experimental temperature in a water-bath 
about ten minutes before introduction into the tonometer. 

Gaseous Equilibration of Blood . — The “glass rod” tonometer which 
was used is illustrated in fig. 1. It was evacuated and filled several 
times with the required gas mixture via a two-way tap before use. 
After placing the tonometer on its frame in the water-bath the pressures 
were equalised; then the 6*0 c.c. blood sample was introduced by 
syringe into the tonometer which was immediately set rocking in its 
long axis at a constant speed and excursion. The glass rod moving 
within the tonometer distributed a thin layer of blood evenly over a 
constant surface. 

At the end of the required period of exposure the reaction between 
eas mixture and blood was stopped within 5 seconds, by tilting the 
apparatus vertically through 90° C. In this position the blood flowed 
quickly into the small tube 2, fig. 1 , so that only a small surface was in 
contact with the gas mixture. The 1 c.c. sample for analysis was 
withdrawn into the Ostwald pipette from the bottom of the tube. The 
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or desaturation of the blood with oxygen or carbon dioxide and the 
percentage saturation found after exposure (the formulae used for 
calculation of the percentages is given in the Appendix) was plotted 
against the time of exposure a straight line was obtained, (fig. 2, dotted 



2 3 


Time in min. 

Fig. 2 shows the velocity curves for the uptake and release of oxygen and 
carbon dioxide in oxalated ox or sheep blood exposed to pure oxygen or nitrogen 
and S p,c, carbon dioxide at 38° C. The interrupted lines are logarithmic. 

O = oxygen uptake. O —oxygen release, 

a = carbon dioxide uptake. • = carbon dioxide release. 

lines). This showed the original curves to be exponential in character 
and they corresponded to the equation 

a ~x—aA0~ ki , (1) 

where a = 100 p.c. saturation or desaturation of the blood. 
x~ percentage saturation found after exposure. 
h —velocity constant for the process. 
t —time of exposure in minutes. 

Prom equation (1) k ~ " x ). 

t 


( 2 ) 
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From equation (2), using one experimental point (1 minute 30 seconds), 
the velocity constants for the release and uptake of oxygen and carbon 
dioxide were calculated and values as follows obtained;— 

carbon dioxide uptake, £ = 0*2640; carbon dioxide release, £=0*2610; 
oxygen uptake, £=0*4923; oxygen release, £ = 0-0747. 

The theoretical curves calculated from these values of £ for different time 
intervals corresponded closely to the points found by experiment. 

The curves shown in fig. 2 and the difference in the values of the 
velocity constants for oxygen exchange are some indication of the 
marked inequality between the rate of oxygen- uptake by blood equili- 
brated with the N/C mixture and exposed to pure oxygen, and the rate 
of oxygen release by blood equilibrated with oxygen at one atmosphere 
and exposed to the N/C mixture. Fig. 2 shows that for carbon dioxide 
the rates of uptake and release tended to he similar to each other, 
although some results obtained showed that the rate of uptake of carbon 
dioxide might be quicker than its rate of release. 

The remainder of this paper deals with the experimental results 
obtained for oxygen exchange only. The data relating to the problem 
of carbon dioxide exchange and to the interrelation between the rates 
of oxygen and carbon dioxide exchange will be described in a later 
communication. 

The Influence of Variations in Temperature , Relative Red-Cell Volume , 
and Relative Viscosity of the Blood on the Rate of Oxygen Exchange . 
Temperature . — The blood samples used for these experiments were 
of similar red-cell volumes (38-42 p.c.). The normal procedure was 
followed, the gas mixture chosen being pure oxygen and the N/C mixture. 
The time of exposure of the blood to the gas phase was one minute. 
The temperature of the water-bath was controlled to within ±0-5° C. 
and the range covered was from 17-41° C. 

The results of the experiments are given in Table II (experiments 
Nos. 17, 21 a and 6, 24 a and 6, 34, 22, 23, 19, 26, 27, 28, 29, 35, 3, 6, 4, 
30) and are illustrated by the scatter diagram fig, 3. 

The relation found between the rate of oxygen exchange and the 
experimental temperature chosen is illustrated by the regression lines in 
fig. 3 (contin.). The regression lines were used as the basis for the 
calculation of the velocity constants over the range of temperature 
tested and the values of these, plotted against temperature, are also 
shown in fig. 3 (dotted lines). The curves for uptake and release are 
similar in character and indicate that the rate of both processes was 
augmented when the temperature was increased; the difference in slope 
between the curves suggesting a greater effect of temperature upon the 
rate of release of oxygen than upon its uptake. The latter observation 
confirms in principle the results obtained by Hartridge and Houghton 
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Relative Red-Cell Volume .-^. Blood samples of different red-cell 
volumes were prepared in the usual way and exposed to the gas phase 
for one minute at 38° C. The gas mixtures used for saturation and 
exposure were pure oxygen and the N/C mixture. 

The results of the experiments are given in Table II (experiments 



Fig. 4 shows the effect of variations in relative red-cell volume upon the rates 
of uptake and release of oxygen in blood exposed to pure oxygen or nitrogen and 
6 p.e. carbon dioxide for one minute at 3S° C. The continuous lines are the 
regression lines and the interrupted lines are the velocity constants. 

□ w oxygen uptake. O — oxygen release. 


Nos. 12 c, 14, 19, 21, 25, 26 a, b , c, 27, 28, 29, 35) and are illustrated by 
the scatter diagram fig. 4. 

The regression lines show the linear relation between the velocities 
of oxygen uptake and release and the relative red-cell volume, the 
velocities of exchange decreasing as the relative red-cell volume was 
increased. The regression lines were used for the calculation of the 
velocity constants and the values of these for different relative red-cell 
volumes are shown by fig. 4 (dotted lines). The difference in slope 
between the two velocity constant lines indicates that the relative 
red-cell volume of the blood has a greater effect upon the velocity of 
oxygen release than upon uptake. 

Relative Viscosity of the Blood . — The factors contributing to the 
viscosity of whole blood have been investigated by several workers. 
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[1923 1925 1926] who found that although the effect of temperature 
upon the velocity of release of oxygen was very marked, its effect upon 
ie ve oci y o oxygen uptake was negligible. A possible explanation 
for the lack of agreement between our results and theirs in respect of 
the uptake of oxygen may lie in the fact that Hartridge and Houghton 



Temperature in C°. 






Fig. 3. shows the effect of variation in temperature upon the rates of uptake 
and release of oxygen in blood of a relative red -cell volume of about 40 p.c. 
exposed to pure oxygen or nitrogen and 6 p.c. carbon dioxide for one minute. The 
continuous lines are the regression lines and the interrupted lines are the velocity 

constants. 


q —oxygen uptake. O = oxygen release. 

worked with dilute hemoglobin solutions or red-cell suspensions, 
whereas we used whole blood. 

In general the temperature effect upon the rate of both processes 
was less marked at the lower temperatures than at the higher 
temperatures tested; this observation is illustrated by reference to 
the change in temperature coefficients for the reaction. From 17-37° C. 
the temperature coefficient for the uptake of oxygen was 1*30-1*40 and 
for the release of oxygen was 1*15-1*20, values which are characteristic 
of physical processes. Above 38° C. values of 2*31'-2*34 for both uptake 
and release were obtained and these approximate more nearly to 
coefficients found for chemical reactions. 
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uptake and release emphasises that changes in the relative viscosity 
have a greater effect upon the rate of release of oxygen than upon its 
uptake. 

Big. 6 shows the velocity constants for oxygen exchange plotted 
against relative viscosity, relative red-cell volume, and temperature 
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Pig. 6 shows the alterations in value of the velocity constants for the uptake 
and release of oxygen according to the relative viscosity of the blood and the 
associated temperature and relative red-cell volume changes. The abscissa has 
been subdivided in order to represent the changes in the relative red -cell volume 
at 38° C., and the variations in the temperature of the blood or a relative red-cell 
volume of about 40 p,c., which were found experimentally to cause alterations 
in the relative viscosity of the blood equivalent to the values indicated on the 
basic scale. The velocity constant values were taken from graphs 3, 4, 5 and were 
plotted separately for each variable. The upper row of points represents the 
release of oxygen and the lower row of points the uptake of oxygen. 

O ® temperature. • = relative viscosity. relative red-cell volume, 

of blood. The abscissa scales for temperature and red-cell volume have 
been arbitrarily adjusted to show the correlation found by experiment 
between these two factors and viscosity which is plotted on a linear 
abscissa scale. The values of the velocity constants for the three 
variables correspond closely to each other for anj 7 one temperature 
within the range 20-38° C. Above a temperature of 38° C. the temper a- 
rure effect upon the value of the velocity constants is shown to be 
significantly greater than that produced by a proportionate reduction 
in the relative viscosity of the blood. It appears, however, that an 
explanation for the effects of temperature between 20-38° C. ? and the 
effects of changes in the relative red-cell volume on the rates of exchange 
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Expressions for the relative effect of red-cell volume and plasma viscosity 
on whole blood viscosity have been worked out by Trevan [1913] and 
Whittaker and Winton [1933]. * The effect of temperature variations on 
the relative viscosity of whole blood was shown to be considerable by 
Rothlin [1920]. His observations have been confirmed by us within 
the range tested 18-41° C., but under different experimental conditions* 
Viscosity measurements were made on samples of the blood used for 



Fig. 5 shows the effect of variations in the relative viscosity upon the rates of 
uptake and release of oxygen in blood exposed to pure oxygen or nitrogen and 
6 p.c. carbon dioxide for one minute. The continuous lines are the regression 
lines and the interrupted lines are velocity constants. 

□ = oxygen uptake. O — oxygen release. 

the oxygen exchange determinations in order to investigate whether the 
effects of alterations in temperature and relative red- cell volume on 
the rates of exchange previously mentioned could he ascribed to the 
concomitant changes in the relative blood viscosity , 

The results are given in Table II (experiments Nos. 17, 21, 24 a, 34, 
22, 24 b , 12 a , b , c , 21, 25, 26 a } b , c, 35, 30) and are illustrated by the 
scatter diagram of fig. 5. 

The linear relation between the relative viscosity of the blood and 
its rate of oxygen exchange is clearly shown by the regression lines in 
g g (contin.). The velochy constants were calculated from the 
regression lines, and their values are plotted against the relative viscosity 
in fig 5 (dotted lines). The difference in slope between these lines for 
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uptake and release emphasises that changes in the relative viscosity 
have a greater effect upon the rate of release of oxygen than upon its 
uptake. 

Fig. 6 shows the velocity constants for oxygen exchange plotted 
against relative viscosity, relative red-cell volume, and temperature 
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Fig. 6 shows the alterations in value of the velocity constants for the uptake 
and release of oxygen according to the relative viscosity of the blood and the 
associated temperature and relative red-cell volume changes. The abscissa has 
been subdivided in order to represent the changes in the relative red-cell volume 
at 38° C. } and the variations in the temperature of the blood or a relative red-cell 
volume of about 40 p.c., which were found experimentally to cause alterations 
in the relative viscosity of the blood equivalent to the values indicated on the 
basic scale. The velocity constant values were taken from graphs 3> 4, 5 and were 
plotted separately for each variable. The upper row of points represents the 
release of oxygen and the lower row of points the uptake of oxygen. 

O = temperature. • = relative viscosity. ® ^relative red-cell volume. 


of blood. The abscissa scales for temperature and red-cell volume have 
been arbitrarily adjusted to show the correlation found by experiment 
between these two factors and viscosity which is plotted on a linear 
abscissa scale. The values of the velocity constants for the three 
variables correspond closely to each other for any one temperature 
within the range 20-38° C. Above a temperature of 38° C. the tempera- 
rure effect upon the value of the velocity constants is shown to be 
significantly greater than that produced by a proportionate reduction 
in the relative viscosity of the blood. It appears, however, that an 
explanation for the effects of temperature between 20-38° C., and the 
effects of changes in the relative red-cell volume on the rates of exchange 
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of oxygen by the blood, may be found in the resulting alterations in the 
relative blood viscosity. 

The Effect of Exposure to or Saturation with Partial Pressures of Oxygen 
less than one Atmosphere upon the Velocities of Exchange of Oxygen 
by the Blood. 

The effect of reducing the pressure head of oxygen on the rates of 
oxygen exchange by the blood was found by experiments in which the 



mm. Hg p.p. 0 2 

Fig. 7 shows the variations of the velocity constants at 38° C. (a) for the uptake 
of oxygen in blood equilibrated with nitrogen and 6 p.c. carbon dioxide and then 
exposed to different partial pressures of oxygen, and (6) for the release of oxygen 
irom blood equilibrated with different partial pressures of oxygen and then exposed 
to nitrogen and 6 p.c. carbon dioxide at one atmosphere pressure. 

□ = oxygen uptake. O = oxygen release. 

normal procedure was followed, but instead of pure oxygen, mixtures 
of nitrogen and oxygen giving partial pressures of 760-30 mm. Hg of 

ox yg e i> were used. The time of exposure was one minute and the 
temperature 38° C. 

The results are given in Table III. 

Tig. 7 illustrates the results given in Table III. 
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Tlie above illustration indicates that there is a marked qualitative and 
quantitative difference between the influence of the partial pressure of 
oxygen within the blood on the velocity of its release, and of the partial 
pressure of the gas phase outside the blood on the velocity of its uptake. 
There is an almost linear relationship between the rate of oxygen uptake 
by the blood and the partial pressure of oxygen to which it is exposed. 
Although increasing the partial pressures of oxygen within the blood 



1 2 3 


Time in min. 

Fig. 8 shows the rate of oxygon uptake and release in blood with intracellularly 
inactivated haemoglobin at 3S D C. and exposed to pure oxygen or nitrogen and Gp.c. 

carbon dioxide. 

□ » oxygen uptake. O - oxygen release. 


from 30-250 mm. Hg tended to increase the rate of its release, above 
this level the rate remained comparatively constant. 

The results also show that, at 3S° C. and at partial pressures of 
en and carbon dioxide similar to those found in the alveolar air, 
the rates of oxygen uptake and release by the blood tend to become 
cmal As the partial pressure of oxygen is raised above 100 mm. Hg 
the increase in the rate of oxygen uptake becomes progressively greater 
than that of release at least up to one atmosphere. 

In connection with these results, experiments were made in winch the 
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velocity of oxygen exchange was measured in blood with intracellularly 
inactivated hemoglobin. Methemoglobin was produced within the 
red cells by suspending them for one hour in isotonic (1*06 p.c.) solutions 
of sodium nitrite. After washing in 0*9 p.e. sodium chloride solution 
the methemoglobin cells were resuspended in plasma to give a red-cell 
volume of 40 p.c. This suspension was then saturated with the oxygen 
or the N /C mixture and exposed for different intervals of time to the N/C 
mixture or oxygen respectively. 

The result of one of these experiments is shown in fig. 8. 

The velocity of oxygen release in these circumstances was found to 
be more rapid than the velocity of oxygen uptake. Experiments 
performed on plasma under similar conditions gave comparable results 
shoving the release of 90 p.c. and uptake of 84 p.c. of total capacity 
after a one-minute exposure to the appropriate gas mixture. 

These observations indicate that active haemoglobin played a decisive 
part in determining the difference between the rates of oxygen uptake 
and release. Its presence increases the velocity of oxygen uptake but 
retards the velocity of oxygen Telease within the appropriate pressure 
ranges. 


Discussion. 

We measured oxygen uptake and release over periods of one minute 
or longer, during which time the uptake or release was still progressive, 
and examined in detail the influence of various physical factors upon 
the velocity of oxygen exchange in oxalated whole blood. Under the 
conditions of test there was only a relatively small surface of blood 
in contact with the gas medium and therefore it seemed probable that 
the velocity of access of oxygen to the hsemoglobin within the red cells 
would tend to be the main factor limiting the results. If the rate of 
penetration into the blood by oxygen were a governing factor then the 
velocity of uptake and release of the gas should vary with changes in 
the relative viscosity of the blood and the pressure head of oxygen 
available. 

The relative viscosity of the blood was altered by dilution of plasma, 
by varying the relative red-cell volume of the blood and by varying the 
experimental temperature. A change in the relative red-cell volume was 
found to affect the speed of equilibration of oxygen to just that degree 
expected if the relative viscosity were the limiting factor. Similarly 
below 38° C. the influence of temperature on the velocity constants was 
that which would be anticipated if the primary effect of the temperature 
were upon the relative viscosity, above 38° C., however, this was not 
true. 

It was found that the rate of oxygen uptake by the blood was almost 
directly proportional to the available pressure head of oxygen (Table III, 



180 


Fegler and Banister 

&§- 7). On the other hand the rate of oxj^gen release was dependent in 
a less simple way upon the pressure, and it was suggested by the experi- 
ments with methmmoglobin cells (fig. 8) that the affinity of haemoglobin 
for oxygen might be responsible for this effect. In assessing the 
importance of this difference in response from a practical point of view, 
it should perhaps be mentioned that the results of experiments on the 
influence of carbon dioxide upon the velocity of exchange of oxygen in the 
blood, to be published later, show that carbon dioxide has a negligible 
effect upon the rate of oxygen uptake of blood exposed to one atmosphere 
of oxygen. Its action in greatly increasing the rate of oxygen release 
from the blood was confirmed. 

In conclusion it appears that although the affinity of haemoglobin for 
oxygen and the chemical conditions in the blood affecting this probably 
determine the scale of the results obtained, yet these results may be 
significantly influenced by physical factors connected with the con- 
ditions of experiment. The rate of oxygen uptake by the blood is 
shown to be greatly affected by the pressure gradient of oxygen to 
which the blood is exposed, but with the partial pressure of oxygen 
fixed at one atmosphere the most important variable remaining seems 
to be the viscosity of the blood. The rate of release of oxygen from the 
blood is influenced considerably by the relative viscosity, but changes 
in the partial pressure of oxygen within the blood above 250 mm. Hg 
have little effect. 


Summaby. 

A tonometer is illustrated which ensures constant conditions of 
exposure of blood to gas mixtures for any desired interval of time, 
making possible a simultaneous measurement of the velocity of exchange 
of oxygen and carbon dioxide in whole blood. 

The influence of variations in temperature, red-cell volume p.c., the 
relative viscosity of the blood, and in the pressure gradient of oxygon 
between the blood and the gas phase on the rate of exchange of oxygen 
by oxalated blood in vitro was investigated. It was found that 

1. An increase of temperature, or a reduction in the relative viscosity 
of the blood or in its relative red-cell volume augmented the rates of 
uptake and release of oxygen. 

2. The increases in the rate of exchange observed with rises of 
temperature from 20-38° C., or with reductions in the relative red-cell 
volume corresponded to just such increases in the rate of exchange as 
would be expected from the resulting alterations in the relative viscosity 

of the blood. . 

3 The rate of oxygen uptake varied in almost direct proportion 
with* the partial pressure of oxygen to which the blood was exposed. 
The rate of oxygen release did not so accurately reflect the pressure 
gradient of oxygen between the blood and the gas phase. 
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APPENDIX. 

The rate of exchange of gas has- been expressed by calculating the 
amount of gas taken up or released in unit time as a percentage of the 
total amount of the gas contained in the blood at full saturation or 
desaturation corrected according to the following formula: — 

AC0 2 and AO a — composition in vol. p.c. of reduced blood equilibrated 
with nitrogen and 6 p.c. carbon dioxide. 

«C0 2 and a0 2 = composition of reduced blood after exposure to pure 
oxygen. 

BCO„ and B0 2 = composition of blood equilibrated in pure oxygen. 

6 CO 0 and 60 2 = composition of blood equilibrated in pure oxygen after 
exposure to nitrogen and 6 p.e, carbon dioxide. 


Bate of oxygen release = 


(BO» - A0 2 ) - (i>0 2 - A0 2 ) .100 
B 0 2 -AO a 


Bate of oxygen uptake — 


(o0 2 -A0 2 ).100 

bo 2 ~aq 2 


Bate of carbon dioxide release = 


Bate of carbon dioxide uptake = 


(ACO» - BCOo) - (aC 0 2 - BC0 2 ) . 100 

aco 2 -bcu; 

(&C0 2 - BC0 2 ) . 100 
AC0 2 -BC0 2 ‘ 
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THE ACTION OP HEMOLYSINS ON NORMAL AND PATHO- 
LOGICAL HUMAN ERYTHROCYTES. By Montague 
Maizels. Prom the South-Eastern Emergency Blood Supply 
Depot, Maidstone. 

(Received for publication 5th April 1945.) 

The excessive haemolysis found in certain ansemias must be due either to 
normal haemolytic agents acting on specially susceptible erythrocytes 
of a defective type, or else to cells of normal resistance being exposed to 
the action of lytic agents present in unusual quantity or activity. Such 
agents might be complex cellular systems or relatively simple hemolytic 
substances. In the latter case, where unidentified lysins act in vivo only 
a proportion of the cells is haemolysed while the rest appears to be 
unaffected. It may be presumed, however, that the unhsemolysed cells 
have also combined with some of the circulating lysin and in this case 
their response to the addition of known lysins, either in vivo or in vitro, 
might be different from that shown by normal cells. So, too, haemolysis 
in stored blood may be due to degeneration of the erythrocyte with loss 
of cohesion in the surface constituents or to disintegration brought about 
by the action of a lysin, itself developed during storage. Here also the 
erythrocyte might show qualitative or quantitative differences on 
exposure to known lysins. The present paper deals with the altered 
response of such cells to known lysins added in vitro , 

It is probable that the combined effects of an unidentified lysin 
adsorbed in vivo and a known lysin added in vitro will be neither simple 
nor additive. For Ponder [1934 a] has shown that when lysins are mixed, 
their combined effects may be greater than, equal to, or less than the 
sum of their separate actions. So, too, Wilbur and Collier [1943] have 
found that saponin and lysolecithin when acting together are usually 
mutually inhibitory, while the present writer has found that, under his 
conditions of experiment, lysolipin, bile salts, and soap inhibit lysis by 
saponin but are not themselves inhibited by it, nor is any inhibition 
found between members of the lysolipin, bile salts, soap group. It 
therefore seemed probable that where erythrocytes either in vivo or 
in vitro had been exposed to members of the latter group and had 
adsorbed an amount of lysin insufficient to cause complete lysis, the 
affected cells would be more susceptible to this group and less susceptible 
to saponin, or in other words, that increased susceptibility to lysolipin, 
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bile salts, and soaps, with decreased susceptibility to saponin, might 
be used as a test for previous exposure to iysins of the lysolipin type. 
Changes in the responses to Iysins have in fact been found in the erythro- 
cytes of amernic and stored bloods and these are discussed in Part II of 
the present paper. It was hoped that a study of the factors affecting the 
action of Iysins on normal cells might throw light on the changes observed 
in abnormal erythrocytes and some of these factors are considered in 
Part I. 


Part L 

Factors Affecting the Hemolysis of Normal Human 
Erythrocytes by Lysins. 

Before considering data more fully, it is necessary to discuss the 
methods employed. Lysins are extremely sensitive to physical and 
chemical agents, and by varying conditions slightly quite different types 
of response may be secured. This may, perhaps, account for the 
enormous literature on the subject and for the seemingly paradoxical 
results sometimes obtained. Indeed, possible variations are so numerous 
that it was found necessary to accept some incompleteness of data and 
to define the conditions of a limited number of experiments fairly 
closely. 

There are two main methods of measuring the activity of lysins; 
in the first, the time taken for a dilution of lysin to produce a constant- 
degree of lysis is measured. A complicated photo-electric layout 
capable of use with samples immersed in a water-bath is required. Each 
test and reading must follow successively, and therefore the time taken 
for each test must be short and the lysin must be used in relatively 
concentrated solution. Hence, results obtained by this method are 
sometimes different from those observed with other methods where 
more dilute lysins act for a longer time, since different concentrations 
of the same lysin may present marked qualitative differences in action. 

Ponder [1934 6] measures the time taken for haemolysis to be complete, 
but this is undesirable in pathological bloods, for it is possible that a 
blood containing erythrocytes which are in general less resistant than 
normal might still contain a few cells which are more resistant. Com- 
parable to this are those bloods whose cells have a low average size, 
but which contain a few cells larger than the largest found in normal 
blood. Wilbur and Collier [1943] have also considered Ponder’s 
procedure unsatisfactory and have preferred the time taken for a lysin 
to destroy exactly 50 per cent, of cells. These authors have found that 
the transmission of light through a cell suspension of constant strength 
varies with the size of the erythrocytes being greater with swollen cells 
in hypotonic solution and less with shrunken cells in hypertonic solution. 
It seemed to the present writer that this fact excluded the use of a 
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photo-electric method when examining systems containing cells from 
macrocytic and microcytic anaemias. 

In the second method, the amount of lysis produced by a given 
solution of lysin acting for a fixed time is measured. The time of 
exposure is long, the lysin used is dilute, and a number of tests may be 
put up within a minute or two which for practical purposes may be 
regarded as simultaneous. The actual readings are independent of cell 
size and the apparatus needed is simple. The method has been criticised 
on the grounds that during prolonged action of the lysin in dilute 
solution erythrocytes settle and are removed from the bulk of lysin, 
whereas in the first method the experimental period is so short that the 
lysin acts throughout on a homogeneous suspension. It is possible, 
however, that this objection is not valid for lysis may well occur in two 
stages : the first, rapid, consisting of adsorbtion of lysin till cells and 
fluid are in equilibrium, and the second, slow, consisting of lysis by the 
adsorbed substance. In support of this view it may be mentioned that 
cells exposed to lysin and then washed while still unlysed may sub- 
sequently show lysis when resuspended in simple saline. However 
this may be, the same degree of lysis occurs in one hour whether the 
cells are allowed to settle or kept suspended by gentle mixings (Table I). 


Table L — Effects of Lysins on Erythrocytes allowed to Settle or 
kept Suspended. 1 Hr. at 25°. Phosphate Buffer at pH 7*3. 




Per cent, haemolysis in 


Erythrocytes. 

Bile salts. 

Saponin. 


1/2000. 

1/2500. 

1/150000. 

1/180000. 

Settled .... 

42 

28 

64 

50 

Suspended 

38 

28 

i 

60 

48 


Another criticism of this method arises from the possibility that centri- 
fuging, by further damaging cells injured but unhsemolysed by lysin, 
may add an extraneous increment to the total lysis. But in fact such 
an increment is not extraneous since it would not be found were the 
lysin absent and its inclusion does not invalidate the data provided 
experimental methods are standardised. 

In view of the inaccessibility of a photo-electric apparatus and its 
unsuitability for systems containing cells of varying size, the first 
method was not investigated. 

Method. — The following with appropriate variations was used: - 
citrated blood was centrifuged for 30 minutes at 3000 r.p.m. in tubes 
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drawn out to sealed graduated and calibrated capillaries bolding about 
0-1 ml. The buffy coat was removed, all supernatant plasma washed 
away, the tube recentrifuged and the volume of erythrocytes accurately 
read. The cells were then resuspended with a teat and capillary pipette 
in fifty volumes of phosphate buffer at pH 7*3 (NaH 2 P0 4 .2H 2 0, 2 per 
cent., 200 ml.; NaOH 2N, 10 ml.; water to 250 ml.). Washing of cells 
was avoided because of the risk of damaging the fragile cells of stored 
and certain pathological bloods. Intercellular plasma amounts to about 
2 per cent, by volume of centrifuged cells and it was thought that 
qualitative variations in the anti-hmmolytic power of this trace of 
plasma would not cause significant changes in experimental results. 

The cell suspensions were equilibrated in a constant temperature hath 
(usually at 25°), as were a series of test-tubes containing 1*5 ml. lysin 
in phosphate buffer. 0*5 ml. suspension was then mixed with the 
contents of each test-tube. After exactly one hour the cell suspensions 
were gently mixed and centrifuged and the amount of haemolysis in 
the supernatant fluids compared with a standard in a colorimeter* It 
would have been desirable for each experiment to provide complete 
curves between 0 and 100 per cent., but as a number of different samples 
had to be examined at the same time, observations had to be restricted 
to tw’O dilutions of each lysin. 

Lysolipin (lysolecithin-flysocephalin) was prepared from egg yolk 
by the method of King and Dolan [1933]. The bile salts used (British 
Drug Houses) consisted of a mixture of sodium taurocholate and 
glycocholate. 

Results . — Among the many factors affecting the action of lysins 
are the following: (1) Relative proportions of erythrocytes and lysins. 
(2) Effects of tonicity and hence of cell size on lysis. (3) Temperature. 
(4) Anions. (5) pH. (6) Inhibiiingsubstances. (7) Mixtures of lysins. 
Many of these factors have already been investigated by various authors. 
They are reconsidered here under the special conditions of the present 
experiments. 

(1) Proportions of Erythrocytes and Lysins . — The effects of varying 
the proportions of cells and lysin are showm in Table II. Here the 
volume of lysin was kept constant at 2 ml. while the volume of packed 
cells added to the haemolytic systems ivas varied from 0*023 ml. (column 
2, top line) to 0*0049 ml. (bottom line). Column 3 show r s the absolute 
volume of cells lysed when bile salts were present in a final overall 
content of 1/2000, while column 4 expresses the volume of cells lysed as 
a percentage of the volume of cells originally present. Columns 5 and 6, 

7 and 8, and 9 and 10 show corresponding data for bile salts 1/2500 and 
saponin 1/150000 and 1/180000. In the case of saponin, the absolute 
amount of cells lysed increases with the erythrocyte content, but the 
percentage of total cells lysed remains fairly constant, tending to 
decrease as the cell content falls. In the case of bile salts, on the other 
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hand, the absolute amount of cells lysed is roughly constant over a fairly 
wide range falling only when the suspension used is particularly rich in 
cells. But the percentage of total cells present which is lysed by bile 
salts varies inversely with the number of cells in the system. The data 
suggest that later findings in the case of the anaemias may be complicated 
by variations in the total surface area of unit volume of cells. 


Table H. — Effects of varying Proportions of Erythrocytes and Lysins. 

1 Hr. at 25°. pH 7-3. 


Haemolytic 

system. 

Bile salts. 

Saponin. 

1/2000. 

1/2600. 

1/150000. 

1/180000. 




Total 

■ 


Absolute! 

Total 

Absolute 

Total 

Lysin 

Cell 

volume 

cells 


cells 


cells 

volume 

cells 

volume, 

volume, 

cells 

lysed, 

cells 

lysed, 

cells 

lysed, 

cells 

lysed, 

ml. 

ml. 

lysed, 

per 

lysed, 

per 

lysed, 

per 

lysed, 

per 



ml. 

cent. 

ml. 

cent. 


cent. 

ml. 

cent. 

IBB 

0-023 

1 

5 


4-5 

0-0164 

71 

0-0132 

57 

IB 

0-012 

■j® ! ' 

22 

0-0018 

15 


67 

0-0067 

56 

IB 



31 

U2ju^a 

23 


70 

0-0058 

58 

IB 

0-0083 


40 

E 

31 

, 0-0055 

66 

0-0545 

54 


0-0066 

By 

49 

IE 

41 


59 

0-0031 

47 

IIm 

0-0049 

liH 

67 

m 

58 


59 

0-0023 

47 


(2) Tonicity , Cell Size , and Hcemolysis. — Equal amounts of cells and 
lysin were added to each of two phosphate buffers at pH 7*3. , The 
tonicity of one buffer was such as to cause no change in volume of the 
erythrocytes added, while the other buffer was hypotonic and caused 
the cells to swell by 22 per cent. In confirmation of the observations of 
Wilbur and Collier [1943] it was found that lysis by saponin was in- 
hibited by cell swelling, while lysis by lysolecithin was increased, and a 
similar increased lysis was observed in the case of bile salts, oleate, and 
streptolysin 0 (Table III). It is, of course, not possible to decide how 
far the altered response to lytic action is due to the effects of varying 
degrees of swelling on the cell surface and how far to the varying salt 
content of the external medium. 

(3) Temperature Coefficient of Lytic Action . — Table IV shows that 
with saponin lysis increases sharply between 4° and 25°, after which it 
remains more or less constant. With bile salts lysis falls sharply 
between 4° and 18°, reaches a minimum between 20° and 25°, and then 
rises sharpty again, while with oleate lysis increases slowly between 
20° and 25° and then sharply up to 36°. It is this marked effect of 
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Table of Lysins on Swollen and Unswollbn Cells. 

1 Hr. at 25°. pH 6*3. 


External 

solution 

type. 

External solution 
composition. 

Cell volume. 

| Per cent, hremolysis 

in 

P. 

m.gm. 

per 

cent. 

Cl. 

m.gm . 
per 
cent. 

Vol- 

ume, 

ml. 

Initial, 

ml. 

Pinal 

ml. 

Saponin, 

1/120000. 

Lysoli pin, 

1/100000. 

Bile 
salts, 
1/2000 . 

Oleate, 

i/10000, 

Constant phos* 
phate , 

1 240 

128 

2-0 



76 

36 

42 

62 

Constant volume 

360 

128 

2*0 



96 

28 

i 20 

44 


temperature on lysis which makes it so important to conduct experiments 
in a thermostatically controlled water-bath. Indeed, the wide tempera- 
ture spacings in Table IV are due to the limited number of constant 
temperature water-baths available. 


Table IV . — Effects of Temperature on Lytic Action in Phosphate 
Buffers. 1 Hr. at pH 7*3. 





Per cent, hemolysis in 

; 

Temperature. 

Bile salts. 

Saponin. 

Oleate , 


1/1750. 

1/2000. 

1/150000. 

1/180000. 

1/45000. 

1/55000. 

4° 

95 

83 

6 

4 

12 

8 

18° 

59 

44 

, , 


, . 


20° 

52 

3S 

35 

26 

23 

33 

25° 


37 

58 

50 

25 

16 

36° 



56 

48 


70 


(4) Effects of Ions on Htemolysis. — This was investigated in the case 
of phosphate-chloride mixtures only: the addition of chloride within 
the range examined inhibited lysis (Table V). 

(5) pH and Lysis . — The action of lysins is greatly affected by 
changes in reaction and the effects of pH are themselves modified by 
quantitative and qualitative changes in the salts present. In the 
present experiments, 1 part of a two per cent, cell suspension 
in saline (0*85 per cent.) was added to three parts of phosphate buffer 
containing the lysin. pH was measured colorimetricaUy on duplicate 
systems centrifuged before the cells had had time to lyse . The method 
is approximate, but on the other hand, owing to heavy buffering, shift 
in due to liberation of hemoglobin will be much less than in the more 
lightly buffered systems of Bodansky [1929] and Gordon [1932-33]. 
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, Table V. — Effects of Varying Proportions of Phosphate and Chloride 
on Lysis. 1 Hr. at 23°. pH 7*3. 


Isotonic 

phosphate 

parts. 

Isotonic 

chloride 

parts. 

Per cent, haemolysis in 

Bile salts. 

Saponin. 

1/1600. 

1/2000. 

1/150000. 

1/180000. 


0 

81 

63 

59 

50 


I | 

45 

34 

. 52 

40 


2 

1 

33 

25 

41 

33 


The first series of experiments were carried out with a series of buffers 
of varying pH and constant phosphate content (figs. 1-9). Varying 
amounts of caustic soda were added to equal amounts of acid sodium 
phosphate, the appropriate amount of lysin added and each sample 
made up to the same volume with water. All contained 240 mg. per 
cent, inorganic phosphorus. Acid buffers caused erythrocytes to swell 
while alkaline buffers caused shrinkage; the sample at pH 7*3 being 
isotonic. It follows that in acid ranges, in accordance with the observa- 
tions of "Wilbur and Collier [1943] cell swelling due to pH (as distinct 
from the effects of pH itself) will inhibit the lytic effects of saponin, 
while those of other lysins will be enhanced. Accordingly, a second 
series of buffers was prepared in the same way as .the first, except that 
less water was added in the acid range and more in the alkaline range, 
the quantity being so adjusted that when erythrocytes were added no 
change of cell volume occurred whatever the pH of the buffer sample 
used. The amount of inorganic phosphorus in these constant volume 
buffers is shown in fig. 2. The effects of pH on lytic action with these 
constant volume buffers are shown by the broken line in figs. 4-9. 

1 It follows that erythrocytes will show no change of volume at pH 7*3 
with either series of buffers, but cells in the first series will swell pro- 
gressively as pH falls, while the volume of cells in the second series will 
remain unaltered. Hence any effect of swelling on lysis should be 
progressively more marked as pH falls, and reference to figs 4-9 shows 
progressive inhibition in the case of saponin and progressive enhance- 
ment in the case of lysolipin, bile salts, oleate and streptolysin O. It will 
be further understood that it is not possible to dissociate the direct 
effects of pH on lysis from secondary effects due to associated alterations 
m the ionic composition of the buffers used. 


In addition to these two series of experiments with phosphate buffers, 
a third series of pH curves was obtained using diluted citrated blood: 
whole blood, 4 parts; citrate 1 part, and saline 35 parts; pH was 
adjusted with HCi or NaOH (figs. 4~7). 
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CELL VOLUME CHANCES & pH, 
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3 
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V 


90 _ 


6 7 

pH 
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o 
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z 
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Fig. 2. 


Fig. 3. 


haemolysis by lysolipin. 
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Fig. 4. 


Fig. 5 . 


haemolysis 
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HAEMOLYSIS BY SAPONIN. 


X x CELLS IN VARIABLE VOLUME 

CONSTANT PHOSPHATE BUFFER 

+.—4 CELLS IN CONSTANT VOLUME 
VARIABLE PH05PHATE BUFFER 


BLOOD IN CITRATE SALINE 



pH 

Fig. 6. 


HAEMOLYSIS BY OLEATE . 


x x CELLS IN VARIABLE VOLUME 

CONSTANT PHOSPHATE BUFFER 

+ — + CELLS IN CONSTANT VOLUME 
VARIABLE PHOSPHATE BUFFER 


BLOOO IN CITRATE SALINE 



°6 7 8 9 10 

P H 

Fig. 7. 



Fio* 8. Fig. 9. Fig. 10. 
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With regard to phosphate systems, it may be said that all curves 
with the exception of lysohpin and streptolysin 0 show minimum lysis 
between pH 6*3 and 6*6 with increased lysis on either side. With 
palmitate (fig, 8) and lysis due to storage (fig. 3), at pH greater than 6*6 
lysis increases until it becomes complete, while with bile salts (fig. o), 
saponin (fig. 6), and oleate (fig. 7), a peak is reached between pH 7 and 
7*4 after which lysis again declines. In the case of oleate, a final increase 
begins at pH 8, while with bile salts and saponin lysis remains low until 
the respective pH 9*5 and 10, when again it increases rapidly— possibly 
because the lytic effect of the alkali is added to that of the lysin itself. 
The curve forstreptofysin 0 is simple, showing a maximum between pH 
6 and 7 ; the effects of salt content acting directly or through volume 
changes induced is very marked (fig. 9). , 

The curves differ somewiiat from those of other workers, partly, 
perhaps, because of the different technique used. Thug in the present 
series, blood was citrated: as citrate penetrates erythrocytes with 
extreme slowmess [Maizels, 1943] there will only be a faint trace of this 
anion in the hmmolytic system, derived from intercellular plasma in the 
unwashed cells. Apart from this, the systems were heavily buffered 
with phosphate, a feature present in Wilbur and Collier's experiments, 
but not in those of Bodansky^ [1929] or of Gordon [1932-33]. The 
lysolipin curve is very like that of Wilbur and Collier. The bile salt 
curve between pH 6 and 10 differs from that of Gordon in showing a 
decrease of resistance between pH 7 and 9, and this may be due to our 
use of mixed salts instead of pure taurocholate or to closer pH spacings 
and to more clear cut effects in the presence of phosphate buffers: in 
Gordon’s W'ork, the pH spacings vrere 6, 7*1, 8*1, and 9. The saponin 
curve differs from that of Bodansky [1929] in having a minimum between 
pH 6 and 8, while his present a plateau. This may be due to the 
presence of phosphate in our preparations, or to the fact that there are 
different kinds of saponins with individual peculiarities [Norris, 1939] or 
to a failure of Bodansky to record the effects on haemolysis of pH between 
6 and 8. The differences between present and earlier data obtained 
by the writer probably arise from different temperatures of observation, 
- 25 as compared with 16°. 

The curves for citrated whole blood in saline differ from those of 
phosphate systems in being simpler . The citrate-saline systems are 
much less well buffered between pH 6 and 8, so that there will be a 
“sliding” pH for each individual observation, with a general smoothing 
out of each curve as a wiiole. Thus bile salts and oleate present a 
single minimum at about pH 7 *5, with increased lysis above and below r 
this point. But the saponin curve remains complex with a secondary 
maximum at pH 8 instead of pH 7*3. In the case of ordinary citrated 
blood (with glucose to 0*5 per cent.) undiluted with saline and stored for 
fourteen days at 2°, lysis was least between pH 6*4 and 7, wiiile a 3 per 
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cent, suspension of whole blood in phosphate buffers showed a single 
minimum at pH 6*8 (fig. 3). 

Substances Inhibiting Lysis. 

These include sugars, polysaccharides, cholesterol, lecithin, and 
proteins, and in addition the group soaps, bile salts, and lysolipin which 
inhibit saponin and streptolysin 0. 

Sugars . — It is to be expected that the action of sugars on lysins will 
be complex and difficult to analyse. In the absence of lysin, addition of 
sugar to saline raises tonicity and causes cells to shrink. In order to 
keep tonicity and cell size constant it will be necessary to decrease the 
salt content as sugar is added and this alone will influence the response 
to lysin. In addition, if the sugar content of the suspending solution 
is high and the salt content low, salts in the interior of the cells hydrolyse 
with an escape of traces of anion sufficient to alter the external pH to 
between 5 and 6. Later cations leak out and the pH again rises [Maizels, 
1935] while the cell shrinks. This will be counteracted by an inflow 
of sugar and water into the cell if the substance added is glucose, but 
not if it be sucrose. It is therefore doubtful if experiments are quite 
valid when solutions are used which are rich in sugar, poor in salts, and 
where changes in cell volume and pH are unrecorded. Such is the case 
in some results of Yeager [1929] which seem to show marked inhibition 
of saponin and sodium taurocholate by sucrose. According to Tsai and 
Lee [1941] glucose inhibits the rapid lysis of strong saponin solutions and 
accelerates the slow lysis of weak saponin. With lysins in phosphate 
solutions, where shifts of pH are minimised and only moderate amounts 
of sugar are added inhibition was slight (Table VI). On the other hand, 
glucose strongly inhibits the natural haemolysis of storage while sucrose 
is without effect. Probably, the action during storage is exerted within 
the cell on the metabolic cycle and not on any lysin acting on the surface 
[Maizels, 1943]. 


Tabue VI. — Effects of Sugars in Phosphate Buffers on Lysis. 
1 Hr. at 23°. pH 7*3. 


Inhibitor. 

Per cent, hemolysis in 

Lj'soBpin 

1/100000. 

Saponin 

1/100000. 

Oleate 

1/40000. 

Bile salts 
1/2000. 

None. 

90 

96 

62 

60 

Glucose 1 per cent. 

86 

88 

42 

62 

Sucrose 1 per cent. 

88 

98 ( 

50 

52 


Polysaccharides . — Maizels and Whittaker [1940] showed that dextrin 
and starch inhibited haemolysis in stored blood; inulin had the same 
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effect. Dextrin also inhibits all lysins examined except streptolysin 0, 
the effects being quite marked even in strong mixtures of cells and lysin! 
Dextrin used was slightly acid in reaction and was adjusted to pH 7*3 
before use (Table VII). 


Table YIL Inhibition or Lysins by Dextrin in Phosphate Buffkbs. 
1 Hr. at 23°. pH 7*3. 


Lysin. 

Cell suspension. 

Per cent, hemolysis in the 
presence of 

inhibitor — dextrin per cent. 

1 2. 

1 . 

0-5. 

1 o. 

Saponin 1/100000 

1 1/200 

38 

71 

m 


Bile salts 1/2000 

1/200 


17 



Oleate 1/40000 . 


0 


10 

71 

Streptolysin O 1/200 . 


42 

52 

52 

50 

Lysoiipin 1/100000 


0 

0 

5 

98 

Lysolipin 1/4000 

1/5 

51 

60 

62 

64 


Cholesterol. — The inhibition by cholesterol of lysis by saponin was 
described by Ransom [1901] and Stocks [1919-20J, while Hewitt and 
Todd [1939] showed that cholesterol would inhibit streptolysin 0 but 
not S. In phosphate buffers it was found to inhibit all lysins tested 
except complement. It was also without effect on the natural lysis of 
storage. A very fine suspension of cholesterol was prepared by dissolving 
0*4 g. in 5 ml. hot alcohol, adding 20 ml, of a solution of trieth-anolamine 
(0*2 per cent.) at 60° and dialysing for two weeks against distilled 
water. 


Table VHI. — Effects of Cholesterol on Lysis. 1 Hr. at 25°. pH 7*3. 


Lysin. 

Per cent, hcemolysis in the presence of inhibitor 
cholesterol mg. per cent. 

12. 

! 6. 

3 . 

b5. 

I 0. | 

Saponin 1/150000 , 

0 


30 

mm 




'mmm 

o 

| 


1 Streptolysin O 1/80, 


■fl 

2 

1 

H 



Similar inhibitions of bile salts and oleate were observed using 
cholesterol emulsified with dried human serum in water, though this 
preparation was less efficient than that prepared by the method above. 
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Phospholipin . — The preparation used consisted of a mixture of 
lecithin and cephalin prepared from egg yolk. Unlike commercial 
lecithin, which contains products of decomposition and is hemolytic, 
this preparation was cream coloured and non-hemolytic. As mentioned 
by Ponder [1934] phospholipin inhibits bile salts ; it also inhibited oleate 
and lysolipin. It appeared to inhibit saponin, but this may have been 
due to traces of impurity. Streptolysin 0 was also slightly inhibited, 
and it is likely that the marked inhibition of streptolysin 0 and S 
observed by Hewitt and Todd [1939] was due to impurities in the 
commercial preparation they used (Table IX). 


Table IX. — Inhibition or Lysin s by Phospholitin. 1 Hr. at 23°. 
Phosphate Buffer, pH 7-3. 


Lysin. 

Per cent, haemolysis in the presence of inhibitor 
phospholipin. 

t— < 

o 

o 

5= 

o 

o 

o 

00 

1/16000. 

1/32000. 

1/64000. 

1/128000. 

0, 

j 

Saponin, 150000 . 



12 


36 

42 

54 

Bile salts, 1/1800 . 


8 


56 

66 

75 

81 

Oleate, 1/40000 

0 

0 



14 

39 

84 

Streptolysin 0, 1/96 

87 

94 

98 

96 

94 

96 

96 

Lysolipin, 1/80000 . 

14 

i 


31 

41 

49 

53 

56 


With regard to the effects of impurities in the phospholipin: it was 
found that a fresh cream-coloured preparation inhibited saponin much 
less than an older ambler-eoloured one, while both inhibited bile salts 
equally well (Table X), 


Table X. — Effect of Purity of Phospholipin on the Inhibition of Lysis by 
Saponin and Bile Salts, 1 Hr. at 25°. Phosphate Buffer, pH 7*3. 


Lysin. 

Inhibitor. 

Per cent, hremolysis in the presence of inhibitor 
phospholipin. 




1/320000. 

1/640000. 

0. 

1 

Saponin 1/150000 ! 

Phospholipin, more pure 

62 

66 

70 

70 

72 

70 

Saponin 1/150000 

« less „ 

32 

44 

48 

52 

66 

AQ 

Bilo salts 1/2000 

„ moro „ 

17 

29 

31 

30 

40 

Al 

Biio saita 1/2000 

„ less 

17 

29 

35 

41 

42 

42 


Inhibition of One Li/sin by Another . — Table XI shows the effects of 
mixing lysolipin (column 1) with various other lysins. The first 
horizontal line shows the effects of mixtures containing relatively high 
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contents of lysolipin and here haemolysis is marked. Subsequent 
horizontal lines show the effects of a progressive decrease in the content 
of lysolipin. In the case of all lysin mixtures, there is at first a corre- 
sponding decrease in lysis (lines 2, 3, 4, and 5) which is most marked with 
saponin and streptolysin 0. With further decrease in the amount of 
lysolipin added (lines 6, 7, and 8), lysis by saponin (columns 2, 3, 4, and 
5) and by streptofysin 0 (column 6) again increases, showing that 
lysolipin inhibits these two lysins when present in small amounts, but 
not when the amount present is very small indeed. In the case of bile 
salts (columns 7, 8, 9, and 10) and of oleate (column 11) lysolipin exerts 
no inhibition, the total amount of haemolysis decreasing throughout as 
the content of lysolipin falls. These findings are also shown in fig. 10. 

Bile salts (Table XII) also inhibits saponin and streptolysin 0, but 
not palmitate, while palmitate also inhibits saponin and streptolysin 0 
(Table XIV). When saponin and streptolysin 0 act simultaneously on 
erythrocytes, their effects seem to be additive except in the case of dilute 


Table XI. — Percentage of H a emolysis due to the Simultaneous Action or 
Lysolipin with other Lysins. 1 Hr. at 25°. Phosphate Buffer, pH 7*3. 


Lysolipin with 

Saponin. 

Strep to* 
lysin O. 

| Bile salts. 

Olento. 


f 

1 

i 



I 

1 







I 

1/96. 

H§ 



0. 


1/80000 . 

72 

69 

72 

78 

74 

100 


88 

6 


1/100000 


# . 




100 


67 

46 

• • 

1/150000 

30 

14 


id 


100 

95 

38 

14 

** 

1/200000 

. , 



m 



91 

12 

4 


1/320000 

63 

id 

18 

E3 


. . 

. . 

. . 



1/640000 

66 

37 

32 

2 

53 

86 

46 

2 

2 

* * 

1/1280000 

84 

40 

38 

o 

94 

» . 

. . 

. . 


JL j 

0 

98 

60 

45 

1 

94 

68 

31 

1 

1 

24 


Table XU. — Percentage of Haemolysis due to the Simultaneous Action 
of Bile Salts with other Lysins. 1 Hr. at 25°. Phosphate Buffer. 
pH 7*3. 




Saponin 


Strepto- 
lysin 0. 

Palmitate 


Bile salts with 









1/100000. 




1/120. 


KB&j 

0. 


■j Tj l 


80 

52 

13 

5 

31 

68 

H 

si 

52 

12 

3 

44 

o 

83 

io 

47 

54 

■ 

■ 

■ 

S9 
[ 50 

o 
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solutions of streptolysin 0. Table XV suggests that this inhibition is 
due not to the lysin itself but to some other substance present with it in 
solution. 


Table XIII.-t-Percentage of Hemolysis nun to the Simultaneous Action 
of Palmitate with other Lysins. 1 Hr. at 25°. Phosphate Buffer, 
pH 7*3. 


Palmitate with 

Saponin. 

Streptolysin O. 

1/150000. 

». 

1/96. 

1/12000 .... 

56 

44 


1/24000 .... I 

20 

10 

2i 

0 .... 1 

72 

9 ! 

88 


Table XIV. — Percentage of Haemolysis due to the Simultaneous Action 
of Saponin with Streptolysin O. 1 Hr. at 25°. Phosphate Butter, 
pH 7*3. 


Saponin with 

Streptolysin O. 

1/160. 

1/230. 

1/320. 

1/1600. 

0 . 

1/150000 

93 

56 

30 

23 

40 

1/215000 

95 

47 

20 

6 

15 

1/300000 

89 

48 

13 

6 

11 

1/750000 

81 

36 

9 

4 

2 

0 . i 

58 | 

19 

^ 1 

2 

0 


It has been seen that lysolipin and bile salts inhibit saponin when the 
lysins act simultaneously, this inhibition is also evident when the lysins 
act successively; erythrocytes were exposed to a dilute solution of 
lysolipin or bile salts, immediately centrifuged in capillary-ended 
centrifuge tubes, the supernatant fluid carefully washed away and the 
cells resuspended in saponin solution. After one hour, lysis was 
measured in this tube and in a control where the preliminary exposure 
^ as to simple phosphate buffer without added lysin, followed by 
exposure to saponin. It was found that saponin caused less lysis of 
cells which had first been exposed to lysolecithin in subhaemolytic 
concentration. So, too, erythrocytes exposed to phosphate and then to 
saponin were more hsemolysed than cells treated with a very dilute 
solution of bile salts in phosphate followed by saponin solution 
(Table XV). 
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Table XV.- — Inhibition of Lysis by Saponin through Preliminary 
Exposure to Lysolipin, etc. 


Preliminary brief exposure to 

2 ml. of 

Followed by exposure to 2 ml. saponin, 

1 hr. at 25°, pH 7*3, 

Per cent, haemolysis in saponin 

1/150000. 

1/180000. 

Phosphate control — no lysin 

81 

55 

Lysolipin, 1/180000 in phosphate 

44 

20 

Bile salts, 1/2000 

64 

32 


From all the foregoing it may be concluded that when lysolipin, bile 
salts, or soaps are adsorbed on erythrocytes, the action of saponin is 
inhibited and this inhibition may be used as a test for the presence of 
adsorbed lysin of the lysolipin type. It may also be shown that the 
application of lysolecithin or bile salts after saponin will inhibit lysis. 
Thus, if erythrocytes are exposed to a strong solution of saponin which 
is immediately replaced by simple phosphate buffer, sufficient saponin 
will have been adsorbed to cause subsequent lysis. But if the buffer 
contain a suitable amount of lysolipin or bile salts and is added soon 
enough after the preliminary exposure to saponin, lysis bj 7 saponin may 
be inhibited (Table XVI). 

Table XVI. — In hi bition of Lysis by Saponin on the Subsequent Addition or 
Lysolipin, etc. 1 Hr. at 25°. pH 7*3. 

(Preliminary momentary exposure of erythrocytes to saponin solution (1/40000) 
followed by centrifuging and replacement of saponin by the second solution at 
intervals of 1 to 15 minutes. Haemolysis observed after second solution has acted 
for 1 hour.) 


Interval between 
exposure to saponin 
and addition of the 
second solution, 
mins. 

Per cent, hemolysis with second solution. 

Simple 

phosphate. 

Bile salts, 
1/2500. 

Bile salts, 
1/5000. 

Lysolipin, 

1/120000. 

Lysolipin, 

1/240000. 

1 

72 

39 

54 

33 

33 

5 

70 

38 

, , 

44 

29 

15 

76 

56 

* * 

70 

54 


Proteins . The inhibitory effects of plasma proteins is well known 

fBaver 1907; v. Lieherman, 1907; Ponder, 1934 6]. Their effects under 
the present experimental conditions are shown in Table XVII. The 
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first line shows lysis in washed cells, the second in unwashed cells 
containing 2*1 per cent, plasma by volume; the third, system (line 3) 
has sufficient plasma added to double the plasma in system 2, while 
the fourth has triple this amount. 


Table XVII. — Effects of Plasma on Lysis by Bile Salts and Saponin. 

1 He. at 25°. pH 7*3. 


Cells ml. 

* 

Plasma ml. 

Per cent, haemolysis in 

Bile salts 1/2000. 

Saponin 1/180000. 

0-01 

0 

48 

57 

0*01 

0-0002 

44 

50 

0-01 

0-0004 

42 | 

45 

0-01 

0-0006 

40 

41 


Discussion. 

Little is known about the mode of action of hemolysins which is often 
paradoxical and complex. It would seem most likely that the erythro- 
cyte membrane consists of a complex film of protein and lipin, including 
lecithin and cholesterol. Lysins must be assumed to act by destroying 
the adhesion of such surface elements. Norris [1939] suggests that 
saponin attacks the lipoid portions, while Plattner and Hintner [1930] 
ascribe a similar action to bile salts and ole ate. Schulman and Rideal 
[1937] have shown that soaps will displace protein from a surface film 
and form a monolayer of fatty acid. They show that saponin combines 
with cholesterol and that fatty acids and taurocholate also combine 
with cholesterol and have the additional property of dispersing mono- 
layers of protein. They suggest that this may explain why erythrocytes 
treated with saponin leave well-formed “ghosts”, while those treated 
with fatty acids are completely disintegrated. Cholesterol in the 
erythrocyte membrane may have the effect of stabilising proteins and 
lecithin. Thus Leathes [1923] showed that lecithin alone gave a loose 
expanded film which in the presence of cholesterol became condensed, 
while Hughes found [1935] that snake venom rapidly attacked the 
expanded film of lecithin, but was inhibited hy cholesterol which con- 
denses the film and prevents access of the venom. It will thus be 
apparent that factors affecting lysis may act on the constituents of the 
cell surface in relation to their isoelectric points, their orientation at the 
cell surface, their capacity to form micelles, and their chemical affinities, 
and these same factors may act similarly on the lysin itself. 

Tonicity . — In so far as this alters the shape of the cell, it mil affect 
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the curvature of the surface. Nevertheless, when the dimensions of the 
surface molecules are considered in relation to the size of the cell as a 
whole, it will be obvious that the cell surface will always be relatively 
flat and the effects of tonicity on the orientation of surface molecules 
will be quite minute and will hardly affect their accessibility to lysins. 
It is probable that the effects of tonicity on lysis observed by Wilbur 
and Collier [1943] and by the present writer are best explained by the 
work of Davson and Danielli [1938]. These writers have shown that 
exposure of erythrocytes to subhmmolytic concentrations of many 
lysins (saponin is an exception) increases the permeabilit} 7, to salts so that 
lysis by these agents is due partly to disintegration of the cell envelope 
and partly to osmotic swelling resulting from increased permeability, 
It is therefore to be expected that when erythrocytes are exposed to 
lysins in hypotonic solution the osmotic factor will be augmented and 
lysis will occur more readily. Saponin, on the other hand, causes lysis 
without first increasing permeability to salts [Davson and Danielli, 
1938], and hypotonicity does not increase its lytic action. Salt- 
permeability effects, however, cannot explain the actual decreased 
susceptibility to saponin observed in hypotonic solutions, and this must 
be ascribed to those changes in salt content which are inseparable from 
changes in tonicity. 

Proportions of Erythrocytes and Hccmolysin . — In the case of saponin 
(Table II) it was found that within a fairly wide range, increase of the 
number of cells in a system caused a corresponding increase in the 
absolute amount of lysis, the proportion of cells lysed relative to the 
whole remaining fairly constant. Since the amount of lysin adsorbed 
depends on the concentration outside the cells and since doubling the 
number of cells almost doubles the lysis, it follows that very little of the 
saponin available is actually adsorbed, for otherwise the content of 
saponin in the bulk phase would fall as the number of cells increased and 
so the percentage of cells lysed would decrease. With bile salts (and 
also lysolipin), on the other hand, by the time equilibrium is reached 
with the cells, a fairly large proportion of the lysin available will have 
been adsorbed, for the percentage of cells lysed falls rapidly as the total 
number of cells available is increased. The findings suggest that results 
in the case of the ansemias may be complex owing to quantitative 
variations in the extent of cell surface and qualitative differences in 
composition. 

Temperature Coefficients , Ions and pH. — A21 these may affect the 
orientation of surface molecules, the aggregation of lysin micellae, the rate 
of adsorbtion and the amount of a substance adsorbed, and their 
respective actions on biological processes in general are well known but 
ill understood. This is especially true of haemolysis where the resultant 
of all these individual effects has not been susceptible of analysis. In 
the case of hydrogen ion concentration Bodansky [1929] and Ponder 
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[1934 6] suggest that its chief effect is on the erythrocyte and not' on the 
lysin. It is possibly this constant cell factor which leads to most lysins 
having a minimum effect between pH 6*2 and 6-6, the exceptions being 
streptolysin 0 which has a maximum in this range, and lysolipin which 
lyses least at about pH 8. 

Inhibitory Substances . — It has already been noted that the addition of 
sugars to hcemolytic systems involves alterations in tonicity or ionic 
composition, together with changes in pH and cell volume. How far 
such undetermined changes are responsible for the inhibition described^ 
by various authors and how far sugar itself is directly responsible is not 
known; under present experimental conditions, inhibition by sugars 
was slight. Polysaccharides presumably inhibit lysis by adsorbing at 
the cell surface and so preventing access of lysin or else by forming 
complexes with lysin in the bulk phase. 

It is probable that cholesterol has the twofold effect of stabilising 
the cell surface and of combining with lysin in the extra- cellular medium. 
But if more than enough lysin be present to combine with cholesterol 
outside and on the cell, the excess will displace normal constituents from 
the cell surface and so cause lysis. This view is supported by Schulman 
and Rideal’s [1937] observations on the formation of complexes between 
cholesterol and lysins in surface films. Such complexes may be 
demonstrated by shaking finely dispersed cholesterol with lysins or 
proteins. If the watery material is now shaken with ether it “clears” 
much less than a simple watery suspension of cholesterol and the 
suspended material adsorbs at the air- water interface. It is probable 
that the cholesterol complex consists of a core of cholesterol surrounded 
by an ether-resistant layer of lysin or protein comparable to the lipoid- 
protein complexes of plasma and serum described by McEarlane and 
Kekwick [1942]. In these complexes the protein (/? globulin) forms 
an external layer protecting the lipin from the action of ether and 
imparting the electrophoretic mobility of £ globulin to the whole 
particle. It is likely that similar complexes formed with lysins account 
for the inhibitory action of lecithin and plasma proteins. According to 
Tsai and Lee [1941] the inhibitory action of plasma is due not so much 
to the proteins as to the cholesterol, in which case it is to be expected 
that the free cholesterol alone will be active and not the combined, this 
view is supported by the work of Hewitt and Todd [1939] on strepto- 
lysin 0 and of Collier and Wilbur [1944] in the case of lys ole ci thin. 
These observations may be correlated with the observation of Schulman 
and Rideal [1937] that digitonin associates strongly with sterol -OH 
and very weakly with sterol ester. 

The inhibition of one lysin by another also probably depends on • 
complex formation — a view held by Ponder [1934 a] — and if so, the lytic 
portion of the saponin molecule must be attached to the non-lytic part 
of the lysolipin, oleate, palmitate, or bile salt molecule, since, as we have 
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seen, the former is inhibited by the latter, but the latter is not inhibited 
by saponin, 

SUMMARY. 

The action of lysins is greatly affected by temperature, pH, salt 
content, and the physical state of the cell surface. Increase in cell 
volume is associated with increased susceptibility to bile salts, lysolipin 
and soaps, and with decreased susceptibility to saponin . 

Most lysins are inhibited by dextrin and cholesterol Lecithin 
inhibits bile salts, soaps, and lysolipin. Its action on saponin is slight 
and it does not inhibit streptolysin 0. 

If in a sample of blood, erythrocytes show increased lysis by bile salts, 
soaps, and lysolipin, the possibility exists that some agent had already 
caused the cells to swell or else that a substance having some of the 
properties of soaps or lysolipin had appeared spontaneously in the 
blood. 


Part II. 

Effect of Lysihs ok the Erythrocytes of Stored and 
Anaemic Blood. 

It has long been known that certain chemicals and bacterial toxins 
will cause anaemia and that haemolysins of the immune body type cause 
paroxysmal and nocturnal hsemoglobinuria. A recent paper by Toy 
and Kondi [1943] shows that in blackwater fever, after transfusion, 
donor’s cells are as rapidly destroyed as those of the recipient and that 
both develop an increased susceptibility to lysolecithin acting in vitro. 
The authors suggest that this affords evidence for the presence of a 
lysin in the circulating blood. Again, Brown, Hayward, Powell, and 
Witts [1944] have found that when stored blood is transfused to normals 
the rate of destruction of donor’s erythrocytes is almost linear. This 
may he considered as the curve for the destruction of erythrocytes by 
normal physiological agencies. Similar curves are obtained in many 
anemias, including pernicious anaemia and congenital familial acholuric 
jaundice, and it must he presumed that in such cases the haemolytic 
mechanism acts normally and that the excessive destruction of recipient’s 
cells is due to inherent defects in his erythrocytes and not in the haemolytic 
processes. In acquired non-familial acholuric jaundice, and in certain 
other anremias, on the other hand, the destruction of donor ceils is very 
rapid in the first few days after transfusion, after which the rate approxi- 
mates to normal. It is thought that this initial rapid destruction 
indicates the presence of an abnormal or pathological hsemolytic factor 
capable of acting on normal or abnormal cells and presumably of 
cellular or humoral origin. Evidence that other anmmias may be due 
to the action of lysins rests on a much less firm foundation. Bergenheim 
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and Fahraeus [1936] and Fahraeus [1939] have shown that if drawn 
blood is incubated at 37° without agitation, a haemolytic substance 
appears in the serum which is closely related to lysolecithin. Its 
appearance is delayed or prevented by agitation. . These writers were 
of the opinion that the circulation of the spleen, which according to 
ICnisely [1936] was largely cut off from the main blood flow, would 
permit the development of their lysin in a way not possible in other 
parts of the body where the circulation was more active. The argument, 
however, loses force if the concept of splenic stasis is incorrect, which 
according to Whipple [1941] is the case. On the other hand, the spleen 
does seem to have some association with the production of lysolecithin, 
for it has shown that a lytic substance having the solubilities of lyso- 
lecithin can in fact be isolated from incubated sera, that unincubated 
blood from the splenic vein contains more lysolecithin than blood from 
the splenic artery [Singer, 1941], and that after splenectomy the lyso- 
lecithin content of peripheral blood is less than normal [Singer, Miller, 
and Dameshek, 1941]. All this might suggest the possibility of 
hemolysis resulting from the action of a lysin in the spleen. But Singer 
himself [1941] adduces evidence to the contrary in that the erythrocytes 
of blood from the splenic vein are not more susceptible to the action of 
lysolecithin than are the cells from the artery. Singer concludes that 
lysolecithin is probably not concerned in physiological or pathological 
haemolysis, a view which is endorsed in a critical and original study by 
Lloyd [1941]. Further support for the view that the defect in acholuric 
family jaundice is primarily in the erythrocyte is afforded by chemical 
analysis. Maizels [1936] has shown that the acholuric cell has a low 
content of water, potassium and total base, and a high content of 
haemoglobin. It is conceivable that a lysin in subhaemolytic amounts 
might increase cell permeability, but in this case water would increase, 
the concentration of base would he normal, while potassium and haemo- 
globin would fall. The abnormalities actually found suggest that the 
special peculiarities appear at an early stage in cell development. 

In the case of blood stored at 2° the work of Fahraeus [1939] might 
lead one to expect that lysolecithin derived from lecithin by enzyme or 
other action was the active agent in natural spontaneous haemolysis. 
The present writer knows of no direct evidence in support of this 
possibility and has failed to isolate the substance himself. 

It seemed to the writer that the problem might be examined afresh 
in the light of observations made in Part I, that when erythrocytes have 
been exposed to subhaemolytic doses of lysins belonging to the bile salts, 
lysolecithin, soap group their resistance on exposure to the same group is 
decreased, while resistance to saponin is increased. Experiments have 
in fact shown that in acholuric jaundice and pernicious anaemia, 
er} r throcytes are less resistant to bile salts and lysolecithin, but they are 
not more resistant to saponin. In the case of stored blood, haemolysis 
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by bile salts is increased 1 while lysis by saponin is decreased, but the 
findings have no correlation at all with the natural haemolysis observed. 
It is thought, therefore, that although one or other of the lysolecithin- 
soap series increases during storage, it must play a very minor part in 
natural haemolysis. * 

Action of Lysins on Stored Blood . — These experiments were carried 
out in a way similar to those described on p. 189, but glucose (to 0*5 per 
cent.) and sodium fluoride (to 0*02 per cent.) were added to the phosphate 
buffer. The temperature was 23°. It was ultimately felt that no 
special purpose was served by the addition of fluoride. Since erythro- 
cytes swell during storage, it would not suffice to prepare a standard 
suspension of 0*1 ml. erythrocytes in 5 ml. buffer, for 0*1 ml. stored cells 
might only equal 0*075 ml. of the same cells when fresh. Therefore, in 
this series of experiments all cell suspensions were standardised to give 
0*15 g. per cent, haemoglobin in the final mixtures of cells and lysins. 
Two dilutions each of bile salts and saponin were used to give final values 
respectively of 1/2500 and 1/3500; 1/80000 and 1/120000 on mixture 
with the cell suspensions. Bile salts (B.D.H.) were used rather than 
lysolipin since the preparation is more easily obtainable and mixes 
freely with water, whereas lysolipin involves a tedious preparation, is 
not very stable, is difficult to emulsify with buffer and adsorbs readily on 
glass [Wilbur and Collier, 1943]. 

Results obtained on fresh blood were rather more variable than 
expected and for this reason average figures and standard deviations are 
shown in Table XVIII. The figures represent percentages of haemolysis 
-after a blank value has been subtracted equal to haemolysis observed 
on adding 0*5 ml. of the corresponding cell suspension to 1*5 ml. 
phosphate buffer without lysin. The blank equalled 0 up to two weeks 
of storage, while at four weeks it was 1-2 per cent, for cells stored with 
acid glucose citrate, 2~3 per cent, for glucose citrate diluent, and 4-6 per 
cent, for simple citrate. This blank value observed on adding cell 
suspension to phosphate buffer must of course be distinguished from 
the natural haemolysis due to storage of undiluted citrated blood. The 
occurrence of such a blank value for haemolysis on the mere addition of 
cell suspension to buffer is, of course, evidence of the undesirability of 
washing stored blood cells before exposing them to lysins. 

It will he observed that natural hsemofysis due to storage is most 
marked' with plain citrate solution and least marked with acid glucose 
citrate, although with all diluents natural haemolysis increases as the 
period of storage is prolonged. So too haemolysis of cell suspensions 
by bile salts increases with the age of the cells, but haemolysis by saponin 
decreases during storage. In view of what has been said before, this 
paradoxical response will suggest that some substance of the lysolipin- 
bile salts-soap type had accumulated during storage which decreased 
resistance to bile salts and increased resistance to saponin, and that this 
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Table XVIII. — Effect of Lysins on Erythrocytes of Stored Blood 
Suspended for 1 Hr. in Phosphate Buffer containing Glucose 0-5 
per cent, and Na Fluoride 0 - 02 per cent, at 23° and pH 7*3. 




No. 

observa- 

tions. 

Natural 
liEemo* 
lysis 
due to 
storage, 
per cent. 

Percentage haemolysis in 

Diluent 

for 

storage. 

Period 

of 

storage 

days. 

Bile salts. 

Saponin. 


1/3500. 



GC 

0 

60 

0 

39±6 

21±3-5 

93±6*5 

70±10 

GO 

1 

i 

17 

0 

38±5 

20± 1*5 

91±4-5 

66± 10 

PC 

14 

17 

l-6±0-65 

65±G 

34±6*5 

90±6 

55 ±8 

GC 

14 

17 

0-5±0*27 

59±6 

33±4 

93±5 

62 ±10 

AGC 

14 

17 

0-l±0*04 

59±6-5 

37±5 

89±6-5 

53±8*5 

PC 

28 

17 

6‘5±3 

80 + 4-5 

42±9*5 

7G±ll-5 

33±8 

GC 

28 

17 

2*7 dt 1*5 

80±5 

42 ±8 

74+13 

32±6 

AGC 

28 

17 


79rb6*5 

42±9*5 

70± 11 

35±6 


PC = Plain citrate = 1 ml. sodium citrate + 3*5 ml. blood. 

GC=Glucose citrate = 1 ml. glucose 2*5 per cent, in trisodium, citrate 3 per cent. 

+ 3-5 ml. blood. 

AGC =Acid glucose citrate = 1 ml. citric acid, 0*27 per cent.; glucose, 2-5 per cent, 
in trisodium citrate 3 per cent. 4- 3*5 ml. blood. 

same substance may be responsible for the natural lysis observed during 
storage. This, however, is very unlikely for there is in fact no correlation 
between susceptibility to bile salts and spontaneous storage-hsemolysis, 
nor is the latter inversely proportional to lysis by saponin* Thus, after 
twenty-eight days storage, cells from bloods stored with plain citrate 
solution showed much more natural ksemolysis than when acid citrate 
was used, but the susceptibilities of the corresponding cell suspensions 
to lysins was very similar. The same is true of individual bloods all 
stored with the same diluent: these may shov r marked variations in 
spontaneous haemolysis, which is not correlated with lysis by hsemolysins 
(Table XIX). 

It is possible that increased susceptibility to bile salts and decreased 
susceptibility to saponin may be associated with changes in cell volume 
like those described by Wilbur and Collier [1943]. It is known that cells 
swell during storage [Maizels and Whittaker, 1939], but alterations in 
response to lysins would depend primarily not on the size of the stored 
cells as such but on their size after transference to phosphate buffer 
containing the lysin. The effect of this on the size of stored cells has 
not been investigated, but in any case if the changes in response to 
lysins recorded in Table XVIII are tlie results of alterations in cell size, 
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Table XIX. — Spontaneous Haemolysis and Lysis by Bile Salts 

and Saponin. 


Blood. 

Diluent for 
storage. 

Duration 

of 

storage. 

Natural 
haemolysis, 
per cent. 


after 1 hr. at 23° by 

Saponin. 

1/2500. 

1/3500. 

1/80000. 

1/120000. 

1 

Plain citrate 

28 

7*0 

84 

48 

75 

28 

2 

» ft 

28 

6-6 

74 

41 

64 

28 

3 

tt tt 

28 

2’9 

88 

41 

78 

25 

4 

ft tt 

28 

2'2 

78 

37 

60 

24 


then the statement that spontaneous haemolysis is probably not due to 
accumulation of lysolecithin or some similar substance is confirmed. 

Action of Lysins on the Erythrocytes of Ancemic Blood . — The action of 
lysins on the blood cells of acholuric jaundice has been investigated by 
Baar and Stransky [1928], but according to Lloyd [1941] the results are 
conflicting and uninformative. It was for this reason that the present 
writer has tried to define experimental conditions as rigidly as possible. 
A major difficulty is the standardization of cell suspensions to he exposed 
to lysins. Since lysins act at surfaces, the amount of lysin should be 
adjusted to the surface area of cells exposed. The procedure presents 
considerable difficulties and is discussed later. In the present investiga- 
tion suspensions contained a constant dilution by volume of packed 
cells. 

Method . — Blood counts were done on heparinised blood, while 
fragility tests were done on erythrocytes centrifuged down from a 
mixture of four parts of blood and one of glucose-citrate solution. 
Material that had to be transported was carried on ice in a thermos 
flask along with a normal control. The action of lysins was tested on a 
suspension which gave 0-01 ml. centrifuged cells in 2 ml. lysin diluted 
with phosphate buffer at pH 7*3. Lysin was allowed to act for one hour 
at 25°. Absence of glucose and fluorides and the higher temperature 
used probably account for the difference between values for normals in 
Tables XX and XVIII. In Table XX are shown the amount of 
haemolysis caused by lysins together with other data. 

Cases in Table XX fall into three groups: microcytic anaemias, 
macrocytic anaemias, and acholuric family jaundice (congenital luemo- 
lytic icterus), each arranged in ascending order of mean cell volume. 
Normal figures are derived from twenty-seven healthy individuals 
whose bloods were paired with the anaemic specimens. In the case of 
lvsolipin fragility tests, however, only seven observations were made. 

** j t Le seen that in the case of the microcytic anaemias fragility 
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Table XX*— Effect of Lysins on Normal and Anaemic Erythrocytes in 
Phosphate Buffers, 1 Hr. at 25°, pH 7*3. 



' 

Disease. 

S 

a g 
u 

a 

a 

> 

d 

© 

y 

u 

© 

Pi 

a 

£ 

CO 

I 

i 

a 

u 

1 

O 

o 

u 

CP 

pi 

fi 

o 

6 

$ 

« 

=5. 

o' 

o 

> 

o 

o 

d 

c3 

£ 

& 

Mean coll diameter, ft. 

Per cent, haemolysis in 

o 

5 

o 

a 

Bile salts, 1/2000. 

Bile salts, 1/2500. 

Saponin, 1/150000. 
— 

Saponin, 1/180000. 

o 

o 

o 

CO 

r}H 

.2 

.a, 

73 

to 

vS 1 

Lysolipin, 1/64000. 

i 

Normals — 29 observations 






7*35 

42 

29 

69 

54 

66 

24 


Standard deviation 






±0*25 

±5 

± 3 

±9 

±8 

±6 

±5 

2 

Carcinoma 


35 

0-52 

22 

64 

7*0 

42 

21 

70 

54 



3 

Iron deficiency 


62 

0-59 

25 

66 

6*8 

54 

37 

66 

56 



4 



61 

0*60 

24 

70 

6*9 

46 

31 

84 

74 



5 

Haemorrhage . 

:: 

45 

0*61 

23 

74 

6*7 

49 

36 

54 

40 

40 

is 

6 

,, ... 


66 

0-66 

23 

76 

7*3 

50 

31 

76 

65 



7 

Gastric nicer . 


52 

0*69 

25 

77 

7*2 

52 

32 

87 

67 



8 

Rheumatoid arthritis 


49 

0*72 

25 

80 

7*1 

39 

25 

55 

44 



9 

Vitamine deficiency? 


25 

0*66 

21 

89 

7*6 

57 

38 

74 

57 



10 

Chronic sepsis 


55 

0*93 

27 

94 

7*7 

42 

29 

86 

67 

59 

25 

11 

Vitamine deficiency ? 

6-3 

47 

0*78 

22 

96 

7*7 

68 

40 

80 

66 



12 

Toxic jaundice 

4 % 

28 

0*88 

24 

102 

8*0 

69 

45 

90 

83 



13 

Aleukaemic leukaemia 

0*6 

40 

1*23 

33 

103 

7*9 

53 

31 

80 

58 



14 

Non-tropical sprue . 

3*2 

39 

1*19 

29 

112 

8*0 

64 

44 

86 

70 



15 

Pernicious anaemia . 

1*5 

64 

1*17 

27 

126 

8*2 

80 

63 

81 

70 



16 

M „ 

3*0 

26 

1*37 

27 

138 

8*5 

73 

49 

83 

62 



17 

»» ,, * 

2*5 

75 

1*52 

30 

138 

8*5 

74 

50 

90 

81 

87 

50 

17a 

) J » » * 


78 

1*42 

29 

133 

8*3 

80 

57 

92 

83 

87 

42 

18 

Acholuric jaundice . 

3*0 

66 

0*92 

32 

78 

6*1 

57 

40 

77 

62 

82 

46 

18c 


. . 






59 

42 

78 

71 

89 

54 

181 

> », „ 


72 

0* 9 5 

i 32 

80 

6*2 

61 

45 

77 

66 

85 

43 

19 


4*5 

85 

1*05 

i 34 

84 

6*2 

68 

54 

78 

70 

. . 

, . 

106 „ „ . 

4*0 

76 

0*94 

1 34 

77 

6*2 

75 

r 

82 

72 

• * 

• * 


is normal or slightly increased, but that the findings are not correlated 
with other data — hemoglobin, colour index, etc. In the macrocjdde 
group fragility to bile salts and lysolipin is increased, but this is probably 
not due to the presence of pre-adsorbed lysin of this type since resistance 
to saponin is also decreased. Erythrocytes in acholuric family jaundice 
similarly show decreased resistance to bile salts and lysolipin without 
increased resistance to saponin. It may be wondered if the decreased 
resistance observed in some of the cases in Table XX were, perhaps, due 
to decreased protective power of the plasma in disease. In the normal 
preparations used, intercellular plasma amounted to 0*0002 ml. per 
0*01 ml. centrifuged cells, and Table XVII shows that variations in 
intercellular plasma between 0 and 0*0004 ml. per 0*01 ml. had com- 
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paratively little effect on lysis. It seems unlikely that the effects of 
alterations in intercellular plasma in disease will exceed this, but in any 
case the complication is unavoidable except by repeated washings of 
pathological cells — a process which in the case of acholuric erythrocytes 
at least, is undesirable. 


Discussion. 

It will be realised that the interpretation of data for fragility 
in cases of anaemia is obscure, for it is difficult to define the 
standard cell suspension. There are four possible standard suspensions: 

(а) A fixed dilution of blood. This is the method used by Toy and Kondi 
[1943], following Ponder [1934 6] who employed the washed cells from 
1 ml. blood in 20 ml. saline. This was satisfactory in the case of the 
normal bloods used by Ponder, but quite unsuited to work with anemic 
bloods where cell suspensions obtained in this way will vary greatly 
from case to case. Thus in one of Poy and Kondfs experiments, cells 
in the suspension numbered 134000 per c.mm. compared with 170000 
in the control, while in another experiment a suspension contained 
215000 acholuric cells compared with a control of 170000 normal 
cells. Such variations must make the interpretation of results uncertain, 

(б) A suspension containing a constant dilution of packed erythrocytes. 
This may be compared to estimating the amount of paint needed for 
decorating a house from the total volume of the house and not from 
the number of rooms or the surfaces to be covered. It is the method 
so far used in the present paper and suffers from the defect that surface 
area per unit volume of cells varies. Thus if 1 c.mm. contain 11 million 
normal packed cells with a surface area of 134 p 2 , total surface area is 
1480 sq. mm., while if there are 14*5 million packed ansemic cells per 
c.mm. with an average area of 113 /x 2 , total surface area is 1640 sq. mra, 
per c.mm. cells, (c) A suspension containing a constant total surface 
area. This may he compared to adjusting the amount of paint needed 
for decorating a house to the total area of the walls. If under these 
circumstances more or less paint were used than was expected it would 
be assumed that the quality of the walls was altered so that more or 
less paint than normal was adsorbed. So too with the constant ceil 
surface suspension: if the cells present were more easih r hmmolysed 
than normal, it would be reasonable to assume that the cells suffered 
from defective structure or from previous exposure to a Jytic agent. 
(d) A suspension containing a constant number of ceils. This is 
analogous to a decorator who estimates the amount of paint needed to 
decorate a house from the total number of rooms irrespective of their 
size. It is the method used by Singer [1940] whose suspension always 
contains 100,000 cells per c.mm. It makes no allowance for surface 
area which in pernicious ansemia may be 30 per cent, greater than a 
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suspension containing an equal number of normal cells, so that in 
pernicious anemia resistance to lysin might appear to be normal by 
Singer’s method when in fact it was really increased. 

It was thought that method (c) was most likely to give useful 
information, if, as is most probably the case, lysins act at tlie cell 
surface and not throughout the whole cell. 

The chief difficulty in the way of using suspension (c) lies in estimating 
the area of the cell surface. This may be done in one of two ways: (i) 
measuring the amount of a substance adsorbed by constant volume of 
cells, (ii) by actual measurements. The first method was tried but 
proved to be unsatisfactory. Of a number of dyes tested, methyl red 
in equal parts of sabne and phosphate buffer at pH 7' 3 seemed most 
likely to satisfy the criteria of adsorbtion in that the amount of dye taken 
up was far greater than could have existed in simple solution in the cell, 
combination with the cell was almost immediate — not measurably slow 
as when a substance penetrates the cell interior — and the amount 
combined varied inversely with the temperature. On the other hand 
combination of dye with cells was almost a linear function of the external 
concentration, though as the latter was increased the amount of dye 
taken up showed a slight relative increase and not the relative decrease 
that might he expected in the case of pure adsorbtion. It was expected 
in the micro cytic anaemias winch have a relatively large area in unit 
volume of cells, that methyl red taken up would be greater than normal, 
but actually it was less, indicating that the dye was not adsorbed evenly 
over the surface but only at specific points whose total area is decreased 
in spite of the increase of total surface area in nnit volume (Table XXI). 


Table XXI. — Dye taken up by" Erythrocytes in 50 Volumes of Methyl Red, 
100 MG. PER CENT. IN SALINE -PHOSPHATE BUFFER FOR 5 MlNUTES AT 
25°, pH 7-3. 


Cases. 

Number. 

Mean cell volume 
average, // 3 . 

Dye taken up by cells, 
mg./XOO ml. 

Normals 

29 

85±4 

347± 13 

Micro cytio anaemia 

8 

74 1 

299 

Macrocytic anemia 

10 

113 1 

307 

Acholuric jaundice 

3 

78 

332 


In the case of the macrocytic anaemias the expected decrease of methyl 
red adsorbtion is found, but there is now correlation between cell 
volume and dye adsorbed. 

With regard to estimating surface area from cell measurements, two 
methods are available, both approximate: (a) Haden [1931] has shown 
that except in the case of acholuric jaundice, the erythrocyte retains 



210 


Maizels 


its normal proportions whatever its size. In this case, if 

a — total area per c.mm. patho- and A = total area per c.mm. normal 
logical cells cells, 

»= number pathological cells and 2ST = number normal cells per 
per c.mm. c.mm., 

u—mean cell volume of patho- and V —mean cell volume of normal 
logical cells cells, 

then a/A = nfS x ^(v/V)% 

and since the number of cells per c.mm. == 1/mean cell volume, 

a/A = Vfv x ^(7/V) 2 - </Yfv = . Index L 

(6) The second method requires one to assume with Emmons [1927-28] 
that the erythrocyte is a flat cylinder. In this case, 

the area of a single cell — 2(77 radius 2 + cell volume/radius). 

If r = average radius of pathological cells and It = average radius of 
normal cells then 


, , /7VT irr~ + v/r 7rr 2 +v/r 

a ! ~ n l X W R2 + Y/R~ f VX 7rR 2 + V/R 


kfkk -Index IL 


Index II requires a measure of mean cell diameter and this has been 
obtained by an approximate halometric method [Price, 1929] with a 
personal error of ± 0 -1/x when five observations are made on a single 
blood film. The halometric method is not directly referable to Index II 
since it employs a dry film, while the measurement of mean cell volume 
is done on fluid blood. However, the work of Haden [1935] suggests 
that the diameter of the dried cell is closely related to that of the wet 
cell and certainly Indexes I and II agree well in spite of the techniques 
employed — except in the case of acholuric jaundice where the cells are 
disproportionately plump and where Index I cannot properly be applied 
(Table XXII, columns 3 and 4). In adjusting the dose of fysin to 
surface area, therefore, it was thought desirable to use Index II w r hich 
is more generally applicable. 

It is now possible to prepare three standard suspensions: (B) the 
volume of normal or anmmie cells in a suspension is kept constant 
- 0T ml. in 5 ml. (C) The total surface area in the suspension is kept 
constant. (D) The number of cells in unit volume is kept constant. To 
obtain C and D, it is necessary in the case of each blood to put up several 
different dilutions of cells, draw curves of the amounts of haemolysis 
observed with each dilution of lysin and then mark off the amount of 
haemolysis corresponding with the suspension in question. Thus in 
case 17, the suspension by volume is 0*1 ml. in o ml. phosphate buffer. 
But the surface area in 0-1 ml. centrifuged cells is only So per cent, that 
of normal centrifuged cells, hence the suspension employed for C should 
contain 0*1 ml.- cells in 5 x 0*85 =4*25 ml. Again, to secure a suspension 
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containing a constant number of cells it will be necessary to suspend 
0-1 ml. centrifuged cells in 5x85/138 ml., since normal cell volume is 
85 fi 3 , while that of the anaemic cell in this case is 138 p 3 . One therefore 
marks off on the curves the amounts of haemolysis produced by standard 
dilutions of lysins on 0T ml. cells in 5, 4*25, and 3*1 ml. buffer and this 
gives the data B, C, and D respectively in Table XXII. 

It will be seen from Table XXII that lysis by saponin is not greatly 
affected by the strength of the cell suspension, and this is what might be 


Table XXII. — Fragility to Lysins of Suspensions containing (B) Constant 
Volume of Cells per Unit Volume of Suspension. (C) Constant Surface 
Area per IJnit Volume. (D) Constant Number of Cells per Unit 
Volume. 


Case. 

Mean 

cell 

volume. 

Ratio cell areas 
per ml., 

anremia/normal. 

Per cent, haemolysis by 

v Bile salts, 
1/2000. 

Saponin, 

1/180000. 

Lysolipin, 

1/48000. 

Index 

I. 

Index 

II. 

B 

C 

D 

B 

C 

D 

B 

C 

D 

Normal 

85 

1 

1 

42 

42 

42 

54 

54 

54 

66 

66 

66 





i 5 

±o 

±5 

±8 

±8 

±8 

±6 

±6 

±6 

2 

64 

M0 

1*14 

42 

45 

58 

54 

56 

57 




3 

66 

1*09 

1*10 

54 

61 

76 

56 

53 

4S 




4 

70 

1-07 

1-06 

46 

48 

54 

74 

74 

73 




5 

74' 

1*05 

1-02 


, , 


, . 






6 

76 

1*04 

1-06 

50 

53 

56 

65 

66 

68 




7 

77 

1*03 

1-04 

52 

53 

55 

67 

66 

66 




8 

80 

1*02 

1-01 





•• 





9 

89 

0*98 

1-00 

57 

57 

57 

57 

57 

57 




10 

94 

0*95 

0-98 

42 

40 

36 

67 

66 

66 

59 

59 

50 

11 

96 

0*96 

0-96 

68 

64 

52 

66 

66 

6G 

59 

58 

52 

12 

102 

0*94 

0-96 

69 

67 

59 

83 

81 

75 




13 

103 

0*94 

0-95 


, , 

. , 


, , 





14 

112 

0*91 

0-91 

64 

58 

44 

70 

69 

67 




15 

126 

0*87 

0-86 

80 

74 

62 

70 

72 

75 




16 

138 

0*85 

0*85 

73 

60 

36 

62 

64 

66 




17 

138 

0*85 

0-85 

74 

58 

32 

81 

78 

73 

87 

74 

59 

17a 

133 

0*86 

0*85 

80 

68 

42 

83 

79 

74 

87 

72 

53 

18 

78 

1*03 

0*91 

57 

51 

64 

62 

60 

63 

82 

74 

88 

18a 

80 

1*02 

0*91 

61 

52 

68 

66 

63 

67 

85 

78 

88 

19 

84 

1*00 

0-89 

68 

62 

68 

66 

63 

67 




196 

77 

1*03 

0-92 

75 

70 

80 

47 

42 

52 


*• 

•• 


expected from Table II of Part I. On the other hand, there is a general 
increase of susceptibility to saponin, more especially in the macrocytic 
group ; in the microcytic cell group figures are more variable but are also 
slightly greater than normal, and the same is true of acholuric cells. 
In the case of bile salts and lysolipin, method B suggests that resistance 
is normal or slightly increased in the microcytic group and tliis suggestion 
is slightly emphasised when a correction for surface area is made (C). 
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The use of a suspension containing a constant number of cells (D), on 
the other hand, indicates a definite increase in fragility. In the case of 
the macrocytic anaemias, method B suggests definitely increased lysis 
by bile salts, and lysolipin and lysis is also apparently increased in 
method 0. According to method D, however, resistance to bile salts 
and lysolipin would appear to be normal or only slightly increased. 
This agrees with Singer [1930] who used method D and records normal 
fragility to lysolecithin in pernicious anaemia, although in fact his normal 
cells averaged 27 per cent, haemolysis and his macrocytic cells 36 per 
cent. In the acholuric family jaundice cases, fragility is definitely 
increased to bile salts and lysolipin by method B> less so by method C, 
where correction has been made for lack of surface area in unit volume 
of cells. On the other hand, by method D and in agreement with the 
findings of Singer and of Lloyd, fragility appears to be very definitely 
increased to bile salts and lysolipin. It must be emphasised, however, 
that in suspensions prepared by the methods of Singer and Lloyd total 
surface area varies widely, the ratios in cases 1, 2, 17, and 19 a (Table 
XXII) being 1, 0*72, 1*62, and 0*91 respectively, and much of the 
variation in the observed haemolysis may be due to quantitative 
differences in the extent of cell surface, rather than to qualitative 
alterations. Por this reason, it is thought that suspensions containing 
constant total surface area alone give comparable results. 

With regard to the above data, comparable results are obtained with 
other dilutions of each lysin. But even though one accepts the principle 
of using suspension containing constant total surface area, there remains 
still another difficulty in the way of interpretation : as lysis proceeds, it 
tends to be arrested by combination of the lysin with lipins in the cell 
envelope and also by haemoglobin shed from lysed cells. The latter 
factor is much less important but is not insignificant. Since microcytic 
cells liberate less haemoglobin than normal cells, lysis would, apart from 
all other factors, tend to proceed further than with normal cells. Bearing 
this in mind, it is probably correct to say of the microcytic an&mias, 
that resistance to bile salts is probably increased in cases 2 and 6, 
decreased in case 3, and normal in the rest. In the macrocytic anmmias 
resistance to bile salts is probably normal in case 10 and also in case 9 
where inhibition by hmmoglobin liberated will be only two-thirds of 
normal. It is almost certainly decreased in cases 13, 14, 15, 16, and 17 
where inhibition of lysis by hsemoglobin is about normal. The effects 
of lysolipin are similar to those of bile salts. It is improbable that this 
increased susceptibility to lysis by bile salts and lysolipin is due to a 
nre-adsorbtion of a lysolipin-like substance in vivo , for had such an 
adsorbtion occurred resistance to saponin would have been increased , 


which was not the case. 

In the case of acholuric cells, it is probable that resistance to bile 
salts and lysolipin is somewhat decreased, though not to the extent that 
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the data of Singer, uncorrected for surface area,' suggest. As in the 
case of the macrocytic anaemias, there is no suggestion that lysin pre- 
adsorbed in vivo plays any part in the increased fragility to bile salts and 
lysolipin, and in both conditions it is likely that this increased fragility 
is due to some deficiency of protective substances present in greater 
amounts in the cells of normals and microcytic anaemias. 


Conclusions. 

In stored blood, susceptibility to lysis by bile salts and lysolipin is 
increased, while to saponin it is decreased. This suggests that some 
substance with certain of the properties of lysolipin, bile salts, and soaps 
has appeared during storage, but it is thought unlikely that this substance 
is responsible for the natural haemolysis occurring during storage, for 
the altered response is not correlated with natural haemolysis. 

In the microcytic anaemias, lysis by bile salts, lysolipin, and saponin 
is probably normal. In acholuric family jaundice resistance to these 
lipins is somewhat decreased, while in the microcytic anaemias it is 
definitely decreased. There is no evidence that this decrease of resistance 
is due to the pre-adsorbtion of a haemolytic substance in vivo . 

If experiments on haemolysis are to have any meaning, the titres of 
lysins used ought to be referred to the total surface area of the cell 
suspensions. 
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A BIO CHEMICAL STUDY OF ISOLATED PERFUSED LUNGS 
WITH SPECIAL REFERENCE TO THE- EFFECTS OF 
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Elsden, and Catherine 0. Hebb. From the Physiology 
Department, University of Edinburgh. 

{Received for publication 23rd May 1945.) 

* The aim of the investigation to be described has been: — * 

(1) To discover the direct effects of phosgene on lungs uninfluenced 
(a) by the complex cardio -respiratory responses which phosgene pro- 
duces in the entire animal, and (6) by potential toxic substances which 
might be formed elsewhere in the body and be carried by the blood to 
the lungs. 

(2) To determine how far the blood changes in phosgene-gassed 
animals described by other workers are due to the direct action of 
phosgene on the lungs. 

Such an investigation appeared to us to be a necessary step in the 
elucidation of the precise effect of phosgene on the lungs since, when 
acting in the entire animal, phosgene causes early reflex cardiovascular 
and respiratory responses, responses which give rise to pulmonary 
events masking the initial direct action of phosgene on the lungs. 

In the experiments to be described the conditions necessary for 
the maintenance of constant pulmonary blood flow and of constant , 
forces applied to the lungs for the purpose of ventilation limited the 
duration of the experiment to not more than seven hours. The results 
to be described therefore refer only to pulmonary events during the 
seven hours or less subsequent to gassing. 

Methods. 

Perfusion Technique . 

The lungs of dogs are isolated from the body and perfused under 
negative pressure ventilation with heparinised blood, the blood inflow 
being kept constant. In some experiments the lungs have been separated, 
one lung being used as a control, the other as the test object. . These 
will be referred to as separated isolated perfused lungs. The methods 
are fully described by Daly, Hebb, and Petrovskaia [ 1941 ]. Continuous 
measurements are made of the pulmonary arterial pressure and tidal 
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air. The blood flow is kept constant at a flow equivalent to 50 
c.c./min./kg. body-weight of the animal from which the lungs are 
taken. The extra-pulmonary pressure variations for ventilation are 
ca. +0*5 to - 12 cm. H 2 0. 

Phosgene Administration and Estimation. 


A diagram of the closed respiratory system is shown in fig. 1. The 
tracheal cannula is fitted with inspiratory and expiratory valves which 
ensure a -flow of air through a cold spiral (A), the volume of which is 



Bi a. 1. — Arrangements for gassing with phosgene and for collection of expired nir 

mixture. 


A =pipe coil with water trap in ice bucket. 

B ^spirometer. 

C = carboy fitted with brass cylinder and piston (x) for breaking phosgene capsule. 

y —sampling tube connexion. 

During non-gassing period channels at “a” and “b” are open , at “e” and “d” closed. 

During gassing periods channels at “a” and “b” are closed, at “c” and “d” open. 

greater than the tidal volume of the lungs, for the purpose of condensing 
expired water vapour. The tidal air is taken by means of a small 
spirometer. Before and after the gassing period , the system at ,x a* r 
and “b” is open, at “c” and “d” closed. During gassing, “a n and 
“V s are closed, **c” and <c d” open, so that the phosgene in the carboy 
(C) is inspired into the lungs, the carboy mixture being diluted with 
air from the large spirometer (B) during the procedure. 

The carboy is charged with phosgene by placing the glass capsules 
containing the liquid phosgene (30 mg. or 150 mg.) in a long brass 
C3dinder which passes through the carboy bung. The cylinder is fitted 
with a piston (x) an extension of which projects outside the carboy. 
The glass capsules are smashed against the end of the cylinder by 
giving the piston extension a sharp tap. The gas escapes through holes 
in the end of the cylinder. 
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The estimation of phosgene was based on the reaction between 
excess aniline-water and phosgene producing the slightly soluble 
diphenyl urea. 

C0C1 2 + 4C G H B NH a §™g>00 + 20 6 H 6 NH 2 , HC1. 

The amount of diphenylurea, and thus the amount of phosgene, 
was obtained by determining the total N, by the micro Kjeldahl 
technique, of the precipitate, 1 mol. of phosgene being equivalent to 
2 mols. ammonia [Eggleton and Elsden, 1941], 

The procedure was as follows: a sample of the air containing 
phosgene was withdrawn from the gas reservoir by means of an ex- 
hausted Buchner flask of known volume. The flask was then connected 
to a precipitation tube containing 10 c.c. of aniline water saturated 
with diphenyl urea and its contents displaced through the aniline water 
by a slow current of air. When precipitation was complete the tube 
was disconnected and the diphenylurea collected by suction on to a 
small pad of acid washed asbestos pulp supported on a small glass 
bead in a 1-inch funnel. This form of micro filter is to be recommended 
(see Peters and van Slyke, 1932). The precipitation tube and pre- 
cipitate were then very thoroughly washed with N/1HC1 saturated with 
diphenylurea to remove contaminating aniline, and the precipitate 
transferred to the combustion tube by inverting the funnel and dis- 
lodging the glass bead and asbestos pad with a thin glass rod. Any 
diphenylurea adhering to the precipitation tube or the funnel was 
taken up in hot alcohol and added to the remainder of the precipitate. 
The alcohol was evaporated off on a water -bath and the total N of the 
residue determined as described above. 

Blood Examination. 

Throughout the experiment blood samples have been taken before 
and after the administration of phosgene and the following measurements 
made. 

(a) Bed and White Cell Count . — The cell counts were carried out in 
the usual maimer with a Neubauer hsemacytometer. In our early 
experiments w r e found that when the blood concentration is high, the 
red cell counts appear to be unreliable, probably owing to the 
difficulty of mixing the blood in the presence of red cell aggregations. 
In later experiments we therefore relied upon the hsemoglobin-iron and 
hsematocrit measurements only as an indication of blood concentration. 
Cell counts will not be referred to again. 

(b) Diameter of Bed Blood Cells . — Dry blood films were examined 
with a Zeiss jV-inch objective and a scale ocular No. 6. One hundred 
cells were counted in each film, the crenated and misshapen cells, 
which were generally smaller than normal, being neglected. A distri- 
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bution curve of cell diameters "was plotted and the median computed. 
According to Ponder [1934] the diameter of the cell in dry films is 8-16 
per cent, less than that of cells floating in plasma. Since we were 
interested in relative rather than absolute changes, this was not a 
serious drawback for our purpose. 

(c) Blood Sedimentation Rate . — This was measured at room tem- 
perature in a graduated tube of 1*8 mm. diameter. The results were 
computed in the usual way, i.e. the B.S.R, was taken as the mean 
hourly velocity of sedimentation for the first, second, and third hours. 

(d) Hcemaiocrit , — The haematocrit determinations ' were made by 
the method described by Meyerstein [1942] with tubes of 0*2 c.c, 
capacity centrifuged at 3500 r.p.m. for 15 minutes or with tubes of 
0*1 c.c. centrifuged at 10,000 r.p.m. for 10 minutes. This method was 
found to be reliable, duplicate determinations even with the smaller 
tubes differing by less than ±0*5 per cent., the error generally being 
in the region of ±0*2 per cent. All determinations were made in 
duplicate and the mean recorded. 

(e) Haemoglobin Iron (H.F.). — This was estimated in 0*1 c.c. of 
blood by converting it to cyan-haemoglobin according to the method 
of Stadie [1920] and Wu [1922], as described by Peters and van Slyke 
[1932]. The intensity of the colour was determined with the aid of a 
Hxlger Spekker photoelectric absorptiometer, using a green filter (No. 5), 
and the amount of haemoglobin iron obtained by reading off from a 
standard curve which had been derived from a series of bloods of 
predetermined oxygen capacity on the basis that 55*8 mg. haemoglobin 
iron (1 mg. atom) are equivalent to 22*4 c.c. oxygen (1 mg. mol.). To 
convert haemoglobin iron into haemoglobin it is assumed that the 
molecular weight of haemoglobin is 67,000 and that 1 molecule of 
haemoglobin contains 4 atoms of iron. Thus 1 mg. haemoglobin iron 

67 000 

is equivalent to — = 300 mg. haemoglobin. Eor the construction 

4 x 55*8 

of this curve human blood and the blood of rabbits and dogs were used, 
and substantial agreement obtained for the three species. 

(f) Viscosity of Blood and Plasma . — Most of the measurements were 
made at or near 18° C. with an Ostwald viscosimeter of 4 e.c. capacity, 
in which water took 27 sec. to fall and whole blood about 120 sec. 
Earlier measurements were made with a rotary cup containing a sus- 
pended bob (Couette method). The cup was rotated continuously by 
a synchronous A.C. motor and the angle of twist of the bob recorded 
optically. This method gave results in agreement with the Ostwald 
and was later abandoned in favour of the latter. Ostwald results were 
corrected for density differences. Since the blood viscosity was 
measured at room temperature, the values obtained were higher than 
those actually present in the circulating blood at 37° C. Even so the 
ratio of the initial to the final viscosity values at room temperature 
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will not differ from the corresponding ratios at 37° C. provided there are 
no serious alterations in plasma tonicity. These conclusions axe largely 
based on a large number of control measurements since made by one 
of us (C. 0. H.) in work which it is hoped will shortly be published. 
The paper by Rotklin [1920] on the effect of temperature on blood 
viscosity might also be consulted. Except in experiment 33 the 
tonicities show little change (Table I) and thus the percentage differences 
in viscosity found for room temperature may he taken as giving a good 
approximation of the corresponding changes at the circulating blood 
temperature. 

(g) Specific Gravity of Blood and Plasma Measured by Falling Drop 
Method . — The speed of fall of a drop of liquid of density p 1 and radius r 
through an immiscible fluid of density p 2 and viscosity 77 is given by 
Stokes’s Law as 

ggXgi. -Ps)r 2 

n.. 9 



of drops of 2*32 molar NaCl in paraffin -pentachlore thane mixture 
at, to o. fJurotte inclined 1° to vortical. Diameter of burette 8*6 ram. 


provided the containing vessel is very wide compared with the diameter 
of the drop. If a vertical cylindrical tube is used it is found that the 
rate of fall is maximal for a drop of diameter near to half that of the 
containing cylinder (fig. 2). The ratio is not critical, and for drops 
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within 10, per cent, of this relative size the speed of fall is practically 
independent of exact size. 

As containing vessel we used a 10-c.c. hurette of diameter 8-6 mm. 
for which the correct drop size was 35 mm. 3 (4 mm. diam.). To obtain 
speeds of fall of a convenient order, medicinal paraffin was used, to which 
was added sufficient pentachlorethane to give a density of about 1*02 
(carbon tetrachloride is too volatile for this medium, which is open to 
the air when in use). The time taken to fall between the zero and 10 c.c. 
marks on the burette (170 mm.) was of the order of 500 sec. for plasma 
and 100 sec. for whole blood. The apparatus (which was kept at 
25° ±0*1° C. in a 1-litre measuring cylinder) w r as calibrated by means 
of NaCl solutions of known density. This arrangement has one draw- 
back where great accuracy is needed: the falling drop may “wander” 
near to the wall of the cylinder, when its speed becomes some- 
what greater. We therefore kept the burette permanently inclined 
at an angle of about 1° so that the drop always foUowed the same 
path. 

The absolute accuracy of the method depends on the accuracy of 
the NaCl solutions used for standardising and of the density tables used. 
In our case it is probably not more than 1 in 1000. But the accuracy 
of a group of results, relative to any one of them, is much greater, for 
the quantity measured is the small excess of density of the test drop 
over the disperse medium, and this excess is easily measured to one part 
in 500. It is therefore possible to distinguish two aqueous solutions 
differing in density by as little as 0*00002. 

(h) Chlorides of Blood and Plasma . — Electrometric method. (For 
details, see Eggleton, Eggleton, and Hamilton, 1937.) A preliminary 
removal of protein was found necessary because some constituent of 
red cells, removable by trichloracetic acid, interferes with the silver 
electrodes. The results are expressed as mg. Cl/c.c. 

(i) Conductivity of Blood and Plasma. — Measurements were made on 
4 volts, 50 cycle A.C., between silver electrodes 50 mm. apart in a 
horizontal tube of 2 mm. bore, using a standard Cossor ohmmeter. No 
capacity or inductance large enough to affect 50 cycle current could be 
observed in the system. The measured resistance of plasma was of the 
order of 10,000 ohms, and of blood 35,000 ohms. The current density 
was therefore less than 12 m.a. per cm. 2 . The instrument was calibrated 
on NaCl solutions and all results expressed in terms of the NaCl solution 
having the same resistance at the same temperature. 

(j) Urea . — By the method of Conway [1939], 

(k) Total Nitrogen and Non-Protein Nitrogen . — Total nitrogen was 
estimated on 0*2 c.c. samples of plasma and the N.P.N. on 2 c.c. samples. 
Trichloracetic acid was used for removal of protein. 

. combustions were achieved in 6-inch Monax glass boiling tubes 
using 1 c.c. of digestion mixture made up as follows: — 
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3 parts cone. H 2 S0 4 , 

1 part syrupy H 3 P0 4 , 

0*5 part 5 per cent, solution CuS0 4 .5H 2 0. 

Tlie digests were finally cleared by adding to the cooled mixture 
1 c.c. distilled water and about 0*5 g. A.R. potassium persulphate and 
bringing to the boil. The digests were then transferred to the distilling 
apparatus, made alkaline with 40 per cent, soda and the ammonia 
trapped in 10 c.c. of 2 per cent, boric acid containing Tashirfs indicator. 
A litre of the boric acid contained 10 c.c. of stock indicator which was 
made up according to Cole [1933]. 

After distillation the boric acid solution containing the ammonia 
was brought to the boil and titrated hot with ca . 0*02N HC1 back to 
the original colour, the amount of HC1 used being equivalent to the 
amount of ammonia present. This method [Woolf, 1927] gives a 
greater range than the back titration method with no corresponding 
loss of sensitivity. 

(1) Protein . — The protein content of plasma was computed from 
estimations, by the micro Kjeldahl technique, of the total N before 
and after removal of protein by 10 per cent, trichloracetic acid on the 
assumption that protein N x 6*25 —protein. 

Results. 

The Action of Phosgene on Isolated Perfused Lungs . 

Since it was our aim to compare the course of events in one lung 
ventilated with air with that taking place in the other lung gassed with 
phosgene, it became necessary to discover bow far one lung differed 
from the other during perfusion, neither being gassed with phosgene. 
Experiments 33 and 34 of figs. 3a, 3b and Table I show the order of the 
differences in the various factors measured. They require some 
comment. The lungs in experiment 33 expanded poorly at the outset 
and rapidly lost their elasticity, as indicated by the steep fall in tidal 
air in a comparatively short time. At the time we attributed this to 
a dry visceral pleura and to the unusually early onset of hmmolysis 
during perfusion. It is to be noted that the progressive decline in 
tidal air of each lung, although separately perfused, follows approxi- 
mately a similar time course. In contrast to experiment 33, the lungs 
of experiment 34 appeared to be in moderately good condition at the 
start of perfusion, and here again the progressive changes in tidal air 
of each lung do not show' marked differences. 

Without at the moment entering upon a discussion of the significance 
of the direction of change during perfusion of the other factors measured , 
we wish to stress the order of the differences in the physico-chemical 
properties of the blood found between each lung of experiments 33 
and 34 Figs 3a, 3b show' these quite clearly. They can be used for 
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comparison with experiment 35 in which one lung was perfused and 
ventilated with air (broken line) and the other lung perfused and gassed 
with phosgene (continuous line)* It will be seen that the only significant 
difference between the control and gassed lung of experiment 35 is the 
more rapid reduction in tidal air of the gassed lung* All the other 
factors of this experiment illustrated in figs. 3a, 3b show no greater 
differences between the control and gassed lung than are found between 
each lung of experiments 33 and 34. 

What is not shown in figs. 3a, 3b is that two other differences 
between the control and gassed lung were discovered, namely, that 
phosgene produced desquamation of the bronchial epithelium which 
was absent in the control lung (fig. 4, a , b) and an increased circulating 
blood volume of the lungs. The histological changes in non-gassed 
isolated perfused lungs have already been described by Trowell [1943]. 
The evidence for an increased circulating' blood volume of the lungs 
was obtained in the following manner. In experiment 35 it was found 
that the volume of blood expressed from the gassed lung when inflated 
at the end of perfusion was equal to 135 per cent, of the weight of lung 
tissue, while the corresponding value for the control lung was 74 per 
cent. This order of difference has been consistently found in subsequent 
experiments in which the measurement has been made. The blood 
obtained in this way at the end of perfusion is regarded as being derived 
chiefly from capillaries which were active during perfusion because the 
lungs became pale on inflation. Inflation of the dark red oedematous 
lung in which there are blood infarcts does not become pale on inflation. 
The problem will be referred to in a later paper. 

We may conclude then that in perfused lungs isolated from the 
nervous system and systemic circulation (bronchial vascular system) 
phosgene, in sufficient concentration to produce a marked reduction in 
tidal air, bronchial epithelium desquamation, and an increase in the 
circulating blood volume of the lungs, causes no significant changes in 
the pulmonary arterial pressure or in the physico-chemical properties 
of the blood which we measured as compared with those talcing place 
in control perfused lungs. This somewhat unexpected result requires 
further comment in relation to the phosgene concentrations used and its 
site of action on the lungs. 

In experiments 31 and 35 the phosgene concentration in the reservoir 
v^as measured at the beginning and end of the gassing period (Table II). 
In the remaining experiments the initial concentration was computed 
from the amount stated by the manufacturers to be in the glass capsule. 
The rate of hydrolysis and of adsorption on the glass and rubber 
surfaces of the apparatus w r as not known, nor was the rate of reduction 
in tidal air during the gassing period lcnowm since the tidal air was not 
taken during this period. It is not possible therefore to give values 
of phosgene concentrations entering the trachea. An approximate 
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Figs. 3a, 3b .—S eparated isolated perfused lung preparations showing differences 
when each lung is used as a control (experiments 33, 3i), and when ono lung is 
used as control and the other gassed with phosgene (experiment 35). 
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Table n.— Phosgene Concentrations and Tidal Air (T.A.) Reduction 
during Administration of Gas . 


Expt. 

Phosgene cone, 
mg./cu.m. 

t. min. 

Cfc 

1000 

T.A. at end of 
gassing period as per 
cent, initial value. 

Initial (C x ), 

Final. (Cj). 

27a 

610 * 

n.t. 

1-7 

(1) 

• 100 

b 

010* 

n.t. 

4*5 

(2*5) 

96 

28 

610* 

n.t. 

6*0 

(3) 

96 

29 

3,050 * 

n.t. 

23-5 

(41) 

25 

30 

3,050 * 

n.t. 

8*7 

(21) 

63 

31 

4,000 

980 

27*0 

57 

35 

35 

11,500 

3,800 j 

20*0 j 

140 

47 


n,fc, —not taken; experiments 31 and 35 suggest an exponential loss of phosgene 
by hydrolysis and adsorption on glass and rubber surfaces with a time 
constant of IS - 5 minutes. 

* = amount estimated by manufacturers to be in capsule. 

Approximate values for Ct in experiments 27, 28, 29, and 30 were obtained on 
the assumption that the phosgene loss progresses exponentially at rate found in 
experiments 31 and 35. On tliis basis the value of Ct is obtained from the expres- 
sion Ct s=I8*5 C x (l ~e^ 8 ‘ 5 ). The figures are only an approximate guide. 

comparative estimate can probably be reached on the assumption that 
hydrolysis proceeds uniformly (Table II). Consideration of this Table 
suggests that in experiments 29, 30, 32, and 35 a heavy concentration 
of phosgene existed in the trachea; indeed we know it was sufficient to 
cause desquamation of the bronchial epithelium. The absence of 
physico-chemical changes in the blood may have been due to bronchiolar 
constriction preventing high concentrations of phosgene from reaching 
the alveoli and alveolar capillary surfaces. That some phosgene did 
reach the alveoli is suggested by the increase in circulating blood volume 
of the gassed lungs. It was, however, not sufficient to produce gross 
capillary damage, for after the blood had been expressed from the lungs 
by inflation histological examination revealed no significant differences 
between the alveolar cells and capillaries of the control and of the 
gassed lungs. 

We would point out that bronchiole constriction in isolated perfused 
lung preparations under negative pressure ventilation is more effective 
in reducing the “phosgene acceptance” of the lungs than it is in the 
living animal. In the lung preparations the forces expanding the lungs 
remain constant during the gassing period , whereas in the living animal 
the increased respiratory effort tends to compensate for any broncho- 
constriction which may ensue. 

These considerations lead us to suggest that under the conditions 
of our experiments the bronchiolar spasm during gassing confines the 
major pathological changes to the bronchial tubes and affords some 
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[Plate I. 



(a) Control lung, x 465. Bronchial epithelium normal. 



(6) Phosgene -gassed lung, x 55. Desquamation of bronchial epithelium. 
Fig. 4. — Experiment 35. 


Data, Egoluton, Elsden, and Hubb, 41 A Biochemical Study of Isolated Perfused Lungs 
with Special Reference to the Effects of Phosgene.” 
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protection to the alveoli. Alternative interpretations of our results 
will he considered after changes in the blood of control perfused lungs 
have been described more fully. 

Blood Changes in Non~Gas$ed Isolated Perfused Lungs . 

Before examining these in detail it should be mentioned that the 
experimental procedure was not precisely similar in all the experiments. 
In the particular form of negative pressure ventilation used there is a 
continuous passage of air through the respiratory chamber which tends 
to cause dryness and stiffness of the visceral pleura with a consequent 
reduction in tidal air. The admission of steam to the chamber keeps 
the pleura moist and overcomes this disadvantage [Daly, HebbJ and 
Petrovskaia, 1941]. In experiments 27-33 no steam was used, in 
experiments 34 and 35 it was admitted to the chamber. In experiment 
29 the lungs were enclosed in a small glass chamber which was not 
airtight, so that a continuous passage of air over the lungs was pre- 
vented, yet pressure changes for expansion and collapse of the lungs 
were still operative on the outer surface of the lungs. Apart from 
these differences the procedures adopted in the series of experiments 
were similar. 

In the course of perfusion experiments we have observed that even 
in the absence of steam condensation on the lung surface the visceral 
pleura sometime;* remains moist. It would appear that passage of 
fluid through the pleura takes place in these preparations. It is the 
exception rather than the rule for this to be observed under the con- 
ditions of our experiments and we have no explanation to offer why 
this should be so in some lung preparations and not in others % 

The progressive changes we have observed in perfused preparations 
are tabulated below : — 


Tidal air 

— 

Pulmonary arterial pressure 

towards end of experiment 

Diameter of red blood cells 

- after 3 hours perfusion 

Blood sedimentation rate 

- if initially high 

Bed cell hsematocrit 

. + 

Haemoglobin Fe 

. + 

Viscosity 


blood 

+ rarely decreased 

plasma . 

. + or more rarely - 

Specific gravity 


blood 

. -f- 

plasma . 

O- 

Chlorides 


blood 

. - or 0 

plasma . 

. + or 0 
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Conductivity 

blood .... 
plasma .... 
Urea N. plasma 
Total nitrogen, plasma . 
N.P.N., plasma 

4- —increased; - = decreased; 


+ or - 
+ or 0 
+ 

4* 

0~no significant change. 


It may be said at the outset that we regard the blood changes as 
being mainly governed by haemoconcentration due to increased capillary 
permeability. They will be discussed in the order tabulated above. 
The progressive reduction in tidal air may show wide differences from 
one experiment to another and we associate it with an initial effect of 
shed blood. It is an almost invariable phenomenon in perfused lungs, 
and our results do not enable us to implicate any one of the observed 
blood changes. The absence of a blood supply to the respiratory tree 
up to the bronchioles in lungs perfused through the pulmonary artery 
alone as in our preparations may be a contributory factor. On the 
other hand the perfused blood reaches the respiratory bronchioles and 
there may cause bronchiolar spasm owing to the presence of “broncho- 
tonins” in the heparinised blood [Daly, 1938]. 

The terminal rise in pulmonary arterial pressure may be in part 
due to the increased viscosity of the blood, for an examination of 
Table I shows that the higher blood viscosities are associated with the 
higher pulmonary arterial pressures. It should be noted, however, 
that in two experiments (Nos. 27 and 30) in which the blood viscosity 
reached 167 and 163 per cent, of its initial value, no significant change 
in pulmonary arterial pressure occurred. Again it will be seen from 
fig. 3a {experiment 35) that the pulmonary pressure in each lung 
remained within the limits of 10-20 cm. saline during seven and one-half 
hours perfusion, after which time the viscosity of the blood in the two 
lungs reached 179 and 212 per cent, of their initial value. It would 
appear that an increase of 60 per cent, in blood viscosity is without 
significant effect upon the pulmonary arterial pressure, but higher 
viscosity values than this are associated with a raised pulmonary 
arterial pressure. Whether or no these high viscosity values are 
directly responsible for the raised pressure, our data are insufficient 
for an opinion to be expressed. 

The initial high pulmonary arterial pressure in perfused lungs due 
to the presence of vasotonins in shed blood passes off quickly, generally 
within 10 minutes. The pressure immediately subsequent to this 
period has been taken as the initial value for the purpose of computing 
the percentile changes shown in Table I. 

The reduction in red cell diameter requires little comment, mood 
smears were not made from all the samples taken for other estimations, 
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but we obtained a sufficient number to show that the diameter of those 
cells which were spherical and non-crenated tended to diminish in size 
(fig. 5 and Table III). For this reason the hematocrit values will not 
show the expected agreement with the hemoglobin iron estimations 
(see later). 

With regard to blood sedimentation rate, results were somewhat 



Fig. 5. — Changes in corpuscular diameter of non-crenated red blood cells due 
to perfusion of the blood through the lungs. The diameters are given as per cent, 
changes in the median value of the distribution curve. See Table III for diameter 

ranges. 

Experiments 28, 29, and 30, gassed perfused lungs. 

Experiments 31 and 35, separated perfused lungs, one control and one gassed. 

Experiments 33 and 34, separated perfused lungs both used as controls. 

C=control; P=phosgene. 

variable, but there appeared to be a tendency for the B.S.R., if high 
before perfusion, to fall after a short period of perfusion. 

Comparison betiveen Hcematocrit and Haemoglobin Iron Values . — The 
blood concentration which occurs during perfusion can be evaluated 
from the hsematocrit readings or the hemoglobin iron (H.F.) measure- 
ments. It will be seen from fig. 6, which relates these two in all the 
experiments, that at the higher values the hematocrit readings are 
lower than would be expected from the corresponding hemoglobin 
values. Tins may be due to destruction of red cells or to a diminution 
in diameter of the red cells. A small degree of hemolysis was present 
in the majority of experiments which colorimetric tests in control 
experiments indicated was probably not more than 1 per cent. Also, 
as has been stated, measurement of the diameter of the red cells during 
perfusion revealed a progressive diminution in the diameter of the 
VOL. XXXIII, NO. 3.— 1946. 10 
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Tabde HI* -Changes in non-crenated Red Cede Diameter dde to 
Perfusion of the Blood through the Lungs, 


Expt. . 

Sample 

Time 

Median 

Range 

28 

I 

PreperL 

6*8 

3*9-9*0 


II 

50' 

6*95 

3*9-8*6 


in 

161' 

5*95 

3 *5-9*0 


IV 

257' 

6*60 

3*9-9*0 

29 

I 

Preperf, 

6*65 

4-7-7-S 


II 

46' 

7-00 

5-1-9-0 


m 

139' 

6*65 

5* 1-8*8 


IV 

376' 

6*85 

4- 9-8-2 

30 

i 

45' 

7*3 

4-0-11-0 


n 

259' 

5*2 

3* 0-9*0 


HI 

417' 

5*3 

3*0-10*0 ! 

31 

I 

0' 

6*3 

3*0-9*0 


HR 

55' 

6*0 

4* 0-9*0 


nL 

50' 

6*2 

4* 0-9*0 


IVR 

315' 




IVL 

310' 

4*8 

3-0-8-0 

33 

I 

-13' 

7*6 

5*0-11*0 


! la 

-13' 

8*4 

4*0-11*0 


HR 1 

67' 

6*3 

4*0-10*0 


II L 

| 67' 

7*2 

4*0-10*0 


HIR 

250' 

6*8 

4*0-9*0 


IIIL 

250' 

6*8 

4*0-10*0 

34 

I 

-58' 

6*8 

4-O-S-O 


n 

-52' 

7*0 

4*0-10*0 


HIR 

23' 

7*4 

5*0-10*0 


HIL 

23' 

6-9 

4*0-10*0 


IVR 

181' 

6*8 

4*0-10*0 


IVL 

181' 

6*5 

4* 0-9*0 


VL 

316' 

3-8 

2*0~7*0 

35 

I 

-58' 

6-4 

4*0-9*0 


II 

-43' 

6*7 

4-0-9-0 


HIR 

17' 

6*6 

4*0-9*0 

; 

in l 

,r j 

6*6 

4-0-9-0 


Perfusion, start is taken as zero time. 


normal shaped cells and a higher proportion of crenated and abnormally 
shaped cells. It is probably significant that the experiments (30 and 34) 
which show the greatest diminution in diameter also diverge most 
widely from the expected rectilinear haemoglobin iron-hjematocrit curve. 
In experiment 33 we noted exceptionally early haemolysis which may 
account in part for the wide divergence from the expected values. 

Specific Gravity of Blood and Plasma . — There is a tendency for both 




231 


A Biochemical Study of Isolated Perfused Lungs 


slightly to rise. That the red cells as well as the plasma are responsible 
for the rise in s.g. of the whole blood is suggested by the results of 
calculating the corpuscular s.g. from the formula 


s.g. corpuscles — 


100 (s.g. blood - s.g. plasma) 
hcematocrifc 


+s.g. plasma. 



Fig. 6. — Kelation between haemoglobin iron (mg./lOO c.c. blood) and hematocrit 
(per cent, erythrocytes). 


That phosgene does not determine these effects is particularly well 
shown in experiment 35 (fig. 7). The symbols in this graph correspond 
to the experimental numbers shown in the other figures. 

The Conductivity of Blood and Plasma . — The electrical conductivity 
of plasma depends on too many factors for it to be possible to interpret 
changes with certainty. The observed changes somewhat surprisingly 
show no correlation with changes in chloride concentration, and no 
difference is noticeable between the behaviour of plasmas from gassed 
and control experiments, such as might throw light on the mechanism 
of phosgene poisoning. The relative conductivities of blood and plasma 
are a measure of the interfering effect of corpuscles, and depends on 
their size, number, shape, and degree of agglutination in a manner too 
complex for analysis. Nothing in these measurements revealed any 
effect attributable to phosgene. 

Urea . — The percentage changes in urea concentration approxi- 
mately parallel the plasma chlorides (Table I). They call for no special 




~^o so 
fatAtrfeuen 
fiirio* 


/no /too 4S0 joo jnc aoo #■*<> 
'Dcrra.Ct'On o/ f>i*fvJion (Jjsln»Ctt) 


- , , /OO (S.g 4rltod - Sg /ihs/KiL) 

J-.g. Cornells = SwSi 1 + 

Fie?* 7. — Observed changes in specific gravity of Tvhole blood and plasma and 
calculated changes in specific gravity of corpuscles. 

titan could be explained by the low standard of accuracy of JNT.P.jST. 
determinations as compared with urea. 

Our results may be summed up by the statement that from the data 
presented none of the observed blood changes is incompatible with the 
view that hsemoconcentration is the sole responsible factor. It remains 
to examine the conditions which led to hiemoooncentmtioa. 
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* The Mechanisms Governing Blood Concentration in 
Isolated Perfused Lungs. 

Unaccounted for Water Loss from the Perfusing Blood. — In an 
ttempt to discover the reason for the hsemoconcentration we drew up 
balance sheet of the losses from the perfusing blood and the gain in 
weight of the lungs on the basis that 

3 ss in weight of the circulating blood = gain in weight of lungs 

+ oedema fluid drained from lungs + expired water. 

For the determination of the loss from the circulating blood 
column (7) Table IV), the volume of blood in the apparatus was 
neasured (a) before and ( b ) after perfusion, the volume retained by 
die collapsed lungs during the preliminary wash-through being added 
:o the former value (a), and the volume of blood drained from the 
nflated lungs at the end of the perfusion being added to the latter 
ralue (6). Inflation by excess intrapulmonary pressure squeezes out 
most of the lung blood. The loss of blood in the apparatus due to 
sampling was allowed for. The gain in weight of the lungs due to the 
retention of red cells, plasma, and water as separate entities or in the 
form of blood or oedema fluid was obtained by weighing the lungs before 
and after perfusion. This is given by the sum of columns (8)-(9) of 
Table TV. The method for calculating the proportion of blood to 
plasma and/or water given in columns (8) and (9) is described below 
in the next section. OEderna fluid when present was collected and its 
volume measured. Expired water obtained by condensation in the 
ice-cooled spiral (fig. 1) was collected and measured. Since the s.g. of 
blood and plasma closety approximate to unity, we have converted a 
volume change of 1*0 c.c. to a weight change of 1*0 g. and vice versa 
whenever necessary for the purpose of our calculations. 

In 6 experiments, 3 of which comprised separated lung perfusions, 
there was an unaccounted water loss of 0*06-0*30 c.c./g. lung tissue/hour 
(see Table IV, experiments 27, 28, 32, 33, 34, 35). A feature of these 
experiments is the low value of the expired water vapour. If man 
expires 10-15 g. H s O vapour per hour, the lungs of a 10-kg. dog would 
be expected to expire from 3-5 g./hr. In only one experiment was 
this value approached. How far this is due to a smaller active capillary 
bed or to the smaller ventilation in perfused lungs as compared with 
normal lungs, we are unable to state. The experiments demonstrate, 
however, that the unexplained water loss is not from the alveolar 
surfaces. It appeared likely that transpiration of water through the 
visceral pleura might be responsible. To test this we enclosed the 
whole lung in an airtight glass chamber, a side-connexion of which was 
connected to a rubber balloon. The whole apparatus was placed in 
the large respiratory chamber, the pressure variations of which were 


Table IV.— Isolated Perfused Lungs— Control and Phosgene -Gassed Lungs. Details of Circulating Blood 
Lost and of Gain by Lungs of Blood, Plasma, and/or Water. 
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transmitted by means of an elastic bag to the lungs for the purpose of 
ventilation. In this experiment (No, 29, Table IV) the lungs and glass 
chamber were weighed before and after the perfusion and the 
unaccounted for water loss found to be the lowest in the series. 

This experiment, taken in conjunction with the fact that we have 
observed in some experiments the visceral pleura to remain moist when 
steam is not used in the negative pressure ventilating chamber, suggests 
that the visceral pleura may allow passage to significant quantities of 
water. Since we have also observed a flow of what appeared to be 
lymph in the region of the cut bronchus in perfused lungs, we are 
unable to say how much of the unexplained water losses is due to 
escape of lymph or to passage through the pleural surfaces. 

Gain in Weight of Perfused Lungs . — The loss of haemoglobin iron 
(H.F.) from the blood during the perfusion should equal the H.F. gain 
of the lungs if allowances are made for sampling and blood oozing. 
That such is the case within certain limits can be seen from Table IV, 
which shows a balance sheet of H.F. blood loss and lung gain. The 
mediastinal lobe was removed before the start of perfusion, weighed, 
and its H.F. content measured. On the assumption that the H.F. 
content of the mediastinal lobe represented that of the remaining lobes 
before perfusion, it was a simple matter to calculate the gain in H.F. 
content of the perfused lobes. The lungs were minced, ground in a 
mortar and extracted with water. The extraction fluids were always, 
turbid, those of the perfused lung more so, weight for weight, than those 
of the control lobe. Turbidity tends to make the colorometric readings 
higher than they should be for any given H.F, concentration, and this 
probably accounted for the greater apparent gain in H.F. of the 
perfused lung than was expected from the loss of H.F. from the 
circulating blood. Notwithstanding, there is a fair agreement between 
H.F. blood loss and lung gain (Table IV, experiments 27, 28, 29). In 
view of these results it was assumed in the remaining experiments 
that the H.F. blood losses were equivalent to the gain in H.F. by the 
lungs. 

In all the experiments there was some degree of blood hemolysis, 
probably never more than 1 per cent. Neglecting this, the H.F. gain 
of the lungs represents red cell emboli or blood; we have no means of 
determining the proportions contributed by each. If the gain repre- 
sents blood of a lisematocrit value similar to that of the last perfusion 
sample, then the increase of lung weight due to this cause can be 
calculated^ The figures are given in Table IV, column (8). The 
remaining increase in lung weight must be due to plasma and/or aqueous 
solutions of salts, and is presumably an indication of the permeability 
of the lung capillaries. 





A Biochemical Study of Isolated Perfused Lungs 237 

fifth hours bf perfusion and almost certainly represents the onset of 
oedema. 

It is interesting to note that the loss of chloride to the tissues as 
compared with the loss to the cells is in the ratio of ten to one. 

In these calculations it is assumed that the loss of red blood cells 
from the perfusing blood to the lungs and the change in size of the red 
blood cells are not significant. The graph (fig. 8) suggests that the 



Fig, 8, — Loss of protein and of chloride to tissues, and loss of chloride to red blood cells. 

Perfusion started at zero time. K —right lung; L — left lung. 

determination of the hematocrit value and plasma chloride concentra- 
tion alone will give a reliable estimate of the rate of onset of oedema. 
In any case it is questionable whether the calculation of the loss of 
chloride from the plasma to the red blood cells has significance. If it 
has, it is remarkable that the diameter of the cells decreases, whereas 
their chloride content increases. 

The rate of loss of protein from the plasma can be computed in a 
similar manner if it is assumed that no protein exchange takes place 
between plasma and red cells. This computation has been made for 
experiment 34 (fig. 8). 

It would be expected that as the experiment progressed and capillary 
permeability increased, the Cl loss from the plasma would precede and 
therefore finally exceed the protein loss, provided the size of molecule 
is the only factor determining such losses. Keference to Table I 
reveals that this expectation is realized since in every experiment the 
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Permeability of the Lung Capillaries in Perfused 
Preparations. 

The progressive rise in the hematocrit values during perfusion 
indicates a loss of plasma and/or water from the blood. In the majority 
of experiments this loss proceeded more rapidly during the later stages 
of the experiment, which suggests that the permeability of the capillaries 
is increasing more rapidly- during this period. As we have seen, the 
picture is complicated by the 1 fact that part of the hsemo-concentration 
may have been due to formation of lymph and by transudation of water 
through the pleura. 

Some light can be thrown upon the problem by calculating the 
progressive loss of chlorides and of protein from the plasma. 

Let 100 c.c, of original blood contain h 0 c.c. of cells. The chloride 
concentration of the blood is B 0 and of the plasma R 0 . Then the 
chloride concentration in the cells, C 0 , is 


C 0 — -j— (B 0 - R 0 ) + R 0 . 

"0 

If Rj, Bj, and Pj are the corresponding values in some later sample, 
then 

and the increase in chloride content per c.c. of cells is C x - C 0 . If the 
cells have not changed in number or volume, then the chloride gained 
by Ji 0 c.c. of cells came from 100 ~/? 0 c.c. of original plasma. Hence 

each c.c. of original plasma lost to the cells — -(C a - C 0 ) mg. of 


100 ~v 


chloride. 


Loss to Tissues . 

Each 100 c.c. of original blood has become 100 ~ c.c. by loss of 

'h 

water. Hence chloride lost from 100 c.c. of original blood is 

100 B o ~100 —B^ Since this blood contained 100 -/; 0 c.c. of plasma, 
*h 

' the loss per c.c. of original plasma is 


100 

100 - *0 


Bo- 



The results of these calculations for experiment 34 are graphically 
represented in fig. 8. Compared with the Cl losses into the tissues 
(or as a component of lymph), the amount entering the red cell is very 
small The most rapid loss of chloride occurs between the third and 
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for by the blood concentration. Concentration occurs to a slight 
extent immediately perfusion is started and proceeds at a considerably 
greater rate after 2-4 hours of perfusion. We hare no evidence as to 
the cause of the early stage of concentration, but it may be due to the 
loss of water by passage through the visceral plasma and in some 
experiments by formation of lymph. Rapid and late concentration is 
almost certainly due to the formation of oedema fluid. The progressive 
changes in the plasma chlorides on the one hand and in plasma protein 
on the other indicate that the chlorides leave the plasma earlier than 
the proteins. The composition of oedema fluid as regards the more 
diffusible chloride and the less diffusible protein may be determined in 
part by the rate of evaporation of the oedema fluid within the lungs, 
and therefore by the degree of lung ventilation, as well as by the rate 
at which the capillaries become more and more permeable to the larger 
molecules. These factors have to be taken into account when comparing 
the constituents of final samples of plasma with those of the oedema fluid. 

Without prejudicing the responsibility of other factors, we wish to 
stress, as others have done before us, the probabilitj 7 that the abnormal 
state of the perfusion fluid accounts for the capillary damage. The 
perfusion fluid is heparinised blood which our experience leads us to 
believe more nearly approaches normal blood in its effect on the lungs 
than does defibrinated blood. Notwithstanding, heparinised blood on 
passage through the lungs quickly loses its leucocytes which are held 
up as clumps in the smaller blood-vessels of the lung [Bickford and 
Winton, 1934; Trowell, 1943]. We associate this^ phenomenon with 
the observation that in some samples of heparinised blood which has 
been passed through the lungs the leucocytes are found clumped 
together. As perfusion progresses, the proportion of irregularly shaped 
red cells increases and those which remain spherical and smooth in 
their greatest axis are reduced in diameter. That a toxic factor is 
responsible both for this blood picture and for the capillary damage is 
not unlikely. The conditions of its formation and its nature are not 
known. It may be identical with the so-called “vasotonin” or the 
bronehotonin ” substance. 

Perfused Lungs Exposed to Phosgene . — With this background of our 
control perfused lung we have been able to test the effects of phosgene 
on the other lung perfused under identical conditions. The result has 
been that doses of phosgene sufficient to cause desquamation of the 
bronchial mucosa, severe bronehoconstriction, and an increase in the 
circulating blood volume of the lungs, exert no significant effects (as 
compared with the control lung) on the physico-chemical state of the 
blood, on the histological blood picture, on the pulmonary vascular 
bed, or on the rate of onset of oedema. 

Various interpretations of this result occur to us, none of which has 
yet been tested. They may be enumerated with brief comment. 
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percentage increase of protein in the plasma is greater than that of the 
chlorides. These changes also account for the progressive reduction in 
, the plasma Cl/protein ratio. If it is assumed that at any given moment 
during an experiment a solution of chloride in water equivalent to the 
concentration of chloride in the plasma is diffusing into the tissues and 
alveoli, then the concentration of chloride in the final sample of oedema 
fluid would be somewhat less than that in the final plasma samples. 
This follows because the chloride concentration of the plasma and 
therefore of any watery solution of chlorides diffusing from it pro- 
gressively increases. On the other hand, any loss by evaporation of 
oedema fluid will tend to make the Cl concentration of the final sample 
higher than that in the final sample of plasma; the evaporation will also 
affect the concentration of protein in oedema fluid in a similar manner. 

In a few experiments it was possible to estimate the protein and 
chloride content of the lung oedema fluid (see Table V). 


Table V. 


Expt. 

Protein g./lOO c.c., 
final samples 

Chloride mg./c.c. 


Plasma 

(Edema fluid 

| Plasma 

(Edema fluid 

R 

8*44 

4*24 


4*7 6 

31 





L 

7-07 

4*7 

3*43 

5*35 

32 

7-15 

7-2 

5*98 

7*89 

R 

7-93 

<5-25 

7*81 

7*75 

34 





L 

8-10 

6-28 

8-36 

8*11 


The chloride of the mdema fluid is higher than that of the plasma 
in two of the experiments, which may be in part due to evaporation. 
The protein concentrations of the oedema fluid are (with one exception) 
lower than that of the plasma in spite of oedema fluid evaporation. 

attribute this to the predominating effect of diffusion of protein 
late in the experiment when it diffuses into already formed protein-free 
oedema fluid. We realise that where diffusion through membranes is 
concerned, concentrations of chloride are more appropriately expressed 
per 100 g! of water than per 100 c.c. of plasma, but in practice such 
correction does not affect the conclusions given above. 


Discussion and Summary. 

nnvfml Perfused Lungs.— The biochemical changes in the blood 
lich is perfusing isolated lungs can for the most part be accounted 




THE PHYSIOLOGICAL EFFECTS AND FATE OF CYANOGEN 
CHLORIDE. By W. N. Aldridge and C. Lovatt Evans. 

(Received for publication 1th July 1945.) 

Cyanogen chloride, a colourless volatile liquid obtained by direct 
chlorination of hydrocyanic acid, has B.P. 13° C., F.P. -6° (1, and at 
normal temperature and pressure a vapour density of 2-14 (air = l); if 
impure, it readily polymerises to cyanurie chloride, but is relatively 
stable when pure. It has a pungent, peppery smell, with a background 
of bitter almonds, and is extremely irritating to breathe. It is soluble 
in most organic solvents and up to 7 or 8 per cent, in water at 8° C., 
in which at neutral or acid reactions it is fairly stable at room or body 
temperatures. In alkaline solution, it is rapidly hydrolysed, first to cyanic 
acid and HOI: 

CNC1 + HoO -HCNO 4- HOI, 

which is later slowly converted to C0 2 and ammonium chloride: 

HCNO + HC1 + H a O -NH 4 C1 + C0 2 . 

Cyanogen chloride was used to a small extent as a war gas in the 
war of 1914-18, but no detailed study of its mode of action seems to 
have been made. 


General Effects. 

When conscious animals or men are exposed to atmospheres containing 
cyanogen chloride, in a concentration of, say, 100 mg./cu.m,, they at once 
experience resistance in, and irritation of, the respiratory passages, and 
smarting of the conjunctiva, with severe blepharospasm and lachryma- 
tion. Some species, t.g , dogs and rabbits, hold the breath for a time. 
This must be a conscious reaction, as it is not seen under anaesthesia. 
A certain amount of adaptation to the gas occurs after a minute or 
two with concentrations up to 100 mg./cu.m., so that the initial symptoms 
decline in severity. Sensitive species, such as dogs, will nevertheless 
in time suffer general systemic effects: even with concentrations as 
low as 50 mg./cu.m., easily supportable by man, we have seen death of 
individual dogs occur after two hours exposure, although other dogs 
simultaneously exposed were but little affected; while others, though 
severely convulsed, even survived exposures for a further two hours 
at 100-120 mg./cu.m. 

VOL. XNXin, NO. 4. — 1946. 
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!• digbt be argued that in an experiment of 7-8 hours the full 
effects of even very large doses of phosgene on the lungs have* not time 
to become manifested, for in our experience of phosgene-gassed living 
dogs there is a latent period of 8-10 hours after gassing before clinical 
signs of oedema appear. This indeed may be the correct interpretation 
of onr results. If so, it is clear that the conditions -under which isolated 
lungs are perfused cause oedema before phosgene mdema has time to 
appear, and thus isolated perfused lungs are unsuitable for testing the 
effects of phosgene administration on lung tissues. We are not, 
however, inclined to accept this interpretation without further evidence. 

2. That the severe bronchoconstriction without a compensatory 
increased respiratory effort effectively prevents high concentrations of 
phosgene from having contact with the alveoli for any significant 
length of time. , 

3. That the lung tissues and capillaries in perfused lungs differ in 
respect of their phosgene reactivity from those of normal lungs. How 
far the absence of functionally active nerves to isolated lungs may be 
responsible for this difference requires examination. 

We wish to acknowledge our indebtedness to Dr. 0. A. Trowell for 
the histological examination of the lungs, to the Ministry of Supply 
for facilities and for permission to publish the results, and to the Moray 
Endowment Committee for defraying part of the expenses of the 
research. 
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3-7 g./cu.m., it only fell after 5 minutes to 2-8 g./cu.m. Since exposures 
■were only as a rule of about one or two minutes duration, the decline, 
of not more than 0-2 g./cu.m. /min., could be disregarded for present 
purposes. The procedures employed for recording were those common 
in physiological laboratories, or simple improvisations of them. 

I. Effect on the Cikculation. , 

Arterial Pressure . — The usual effect on the anaesthetised animal 
with intact nervous system was a transitory rise, followed by a fall 
(fig. 1); occasionally there was a rise superimposed on a 'fall, and in 
the decapitate cat the only result was a fall (figs. 7, 14). A fall was 
also often the only effect of doses following a first heavy dose. There 
is a general similarity between the effects of cyanogen chloride and 
those of HGN [Lovatt Evans, 1919], as is illustrated by figs. 1 and 2. 
The effects on arterial pressure are the resultants of contending factors, 
some making for a rise, some for fall, as will be shown later. When 
the vasomotor centre has been eliminated by decapitation, or as an 
after-effect of a large initial dose of cyanogen chloride, so that there is 
lowering of the peripheral resistance and of vascular tone, cyanogen 
chloride produces a fall in arterial pressure. Early reflex effects other- 
wise tend to produce a rise, and so does an early increase of cardiac 
output. The final fall to low levels is due to the combined action of 
■extensive vascular relaxation and lowered cardiac output. 

The heart rate is ultimately slowed, but sometimes there may first 
be an early slowing, succeeded by some acceleration. These early effects 
are mainly due to reflexes from the carotid bodies, and perhaps from 
other chemo-receptors, since after combined denervation of the carotid 
sinus and vagus section they give place to the ingravescent slowing 
which is the usual direct effect of the substance on the heart. 

The slowing of the heart which appears at a later stage of the 
poisoning is of two types. The first type appears suddenly, and may 
with small doses vanish again quite abruptly: when this happens after 
•double vagotomy ( e.g . in figs. 4, B; 9, B) it would undoubtedly be due 
to transient interference with conductivity in the bundle of His, and 
is a phenomenon seen also in cyanide poisoning, and as a result of 
oxygen lack in general. The other type of slowing may be regarded as 
due to a more generalised effect of the poison on the myocardium, 
including the pacemaker and conducting structures: ultimately the 
.rate becomes very slow, and the force of the beat greatly weakened 
(figs. 3, C; 4, C; 13, D.) As in other forms of oxygen lack, however, 
an early effect on the myocardium, as seen in the saline-perfused heart, 
is at first negligible. 

General venous pressure, as measured in the great veins, does not 
rise with the arterial pressure, but when the latter begins to fall, usually 
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Vomiting and deep respirations are early symptoms of the poisoning, 
and loss of consciousness soon follows. Convulsions, when they occur, 
are often of extreme violence, and may occur, with intermissions, for 
an hour or two after removal from the atmosphere. The fits are 
alternated with quiet periods, with very deep breathing, general 
exhaustion, continued loss of consciousness and of reflexes, widely 
dilated pupils, and bright scarlet mucous surfaces. The intermittent 
fits usually commence with a tonic extensor spasm, followed by explo- 
sions of vigorous progression-movements, which gradually die down 
again. Despite the severity and duration of these symptoms, recovery 
is often complete, sometimes within 30 minutes. When complete 
recovery does not follow, there is either death or disablement. Death 
is often preceded by copious, and occasionally sanguineous lung oedema: 
respiration fails long before the circulation. The disablement is referred 
to later. 

Post-mortem findings reveal little beyond inflammation of the upper 
respiratory tract, some lung oedema, and dilated right ventricle with 
engorgement of the venous system. Some persons claim to recognise 
the odour of cyanogen chloride in the brain of animals killed by it. 

The experimental work described below has necessarily been carried 
out on anaesthetised, or on decapitated or decerebrated animals. There 
is no reason to suppose, however, that, apart from cortical responses, 
to which reference is made in the proper place, the ansesthetic has 
introduced any qualitative change into the picture. 

Methods. 

Nembutal was the usual anaesthetic. Decapitations and decere- 
brations were performed under ether or C-E. The cyanogen chloride 
was, in some instances, administered by the intravenous injection of 
assayed solutions in 0*9 per cent. NaCl solution, but more usually by 
inhalation. For the latter purpose, a carboy of 36 1. capacity was 
used to contain the air-gas mixture, a common concentration being 
3 g./cu.m. Administration of this was effected in one of two ways: 
(u) by the use of delicate respiratory valves connected with a trachea 
tube, the animal was supplied, through a short wide tube and 3-way 
tap, at will either 'with air or with the gas mixture. The fall in con- 
centration of gas as the contents of the carboy were slowly displaced 
by entering air was negligible over short periods. (6) When admini- 
stration by artificial respiration was essential, the gas was drawn from 
the carboy, and delivered to a T-trachea tube by means of a Erodie 
•nump the free outlet of the trachea tube being provided with an 
absorbent container. By this method, when cats or rabbits were used, 
the rate of fall of concentration in the carboy was more rapid than in 
method (a), but was still not such as to vitiate results: e.g. starting at 
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runs parallel with it in the earlier stages of the action (fig. 3, A).. It. 
would seem, then, that the heart is, at these stages, able to cope easily , 
with the venous return, and it is probable that the usually augmented 
pulmonary ventilation considerably facilitates this. At , the later 



Pig, 4.- — Kabbifc. Nembutal : artificial respiration. Pulmonary artery pressure 
(P.A.P.) in cm. 5$ 2 0 and carotid artery pressure (A.P.) in mm, Hg, A, admin- 
istration for 35 sec. of CNC1, 3 g./mA B, 10 min. later: vagi divided: administra- 
tion of CNCl, 3 g./m. 3 for 100 sec. C, 40 sec. after end of dose. 

stages, when respiration is failing, and the heart already weakened, the 
venous pressure rises rapidly (fig. 3, B, C), and at this point inspection 
of the veins shows them to be tensely gorged with blood: this is the 
condition at death. 

Pulmonary artery pressure (which was measured in the opened chest) 
at first moves reciprocally to the general arterial pressure (fig. 4, A), 
though the movements (in terms of BuO) are slight in any case, and give 
no hint of pulmonary resistance. The same is true at later stages and 
also after vagotomy (fig. 4, B, C), and we may assume that if any 
resistance to the pulmonary circulation occurs at all, it can only be 
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Fig. 1. — Cat. Nembutal: valve breathing: administration of CNC1, 3 g./m. 3 
till death. R, respiration, expiration only. M, record of general muscular 
movements, which here were very slight. A.P., arterial pressure. 

In all tracings writing points are vertically lined unless otherwise shown. 



-p o (; a t. 3*8 kg. Nembutal: breathing by valves. Inhalation of HCX, 

~i n * (which is chemically equivalent to 75 per cent, of tho CNCI, 
T V/m 3 shown in fig. 1), for 205 sec. R, respirations. A.P., arterial pressure. 
3 ^ Blood samples (B.S.) taken before Z, and at Z +35,210, and 375 sec. 
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the rising arterial pressure, as often happens in this region. It can he 
concluded from this that splanchnic area changes in all probability 
do not contribute predominantly to the early rise in arterial pressure. 
This is confirmed by the fact that in the eviscerated animal (from which 
the whole abdominal alimentary tract and spleen have been removed, 
and the liver circulation much diminished) the rise of arterial pressure 
is particularly well shown (fig. 6). 



I A 



r«vu 




Fig. 6. — Eviscerated Cat. Respirations and arterial pressure. Inhalation by 
valves of CNCl, 3 g./m. 3 for 40 sec. Partial recovery occurred in 15 min. 

Circulation Volume . — One experiment, on a dog, was carried out 
for us by Dr. H. D. Bruner, using a bubble stromuhr devised by Schmidt. 
This, intercalated in the femoral artery, measured the flow through the 
limb. Intra-arterial injection of 1 mg. /kg. of CNCl caused, at first, 
considerable increase in blood flow (100 to 140 ml./min.), presumably 
owing to a direct dilator action of the drug^ this was followed by a 
transitory fall (to 80 ml./min.) parallel with falling arterial pressure. 
Intravenous injections showed an increased flow with small doses 
(1 mg./kg., 95 ml./min. to 110 ml./min.); with larger doses (3 mg. /kg.) 
the general trend was a fall (170 ml./min. to 30 ml./min.) as the arterial 
pressure fell, and the heart failed. 

The Cardiac Output . — The output of the heart was roughly assessed 
by recording the pulse rate and heart volume by means of a Henderson 
eardlometer (since other methods were not available, or were inapplic- 
able). In the records (figs. 7, 8) systole is downwards and diastole upwards. 

It will be seen that there is after a time a considerable increase in 
cardiac output, the stroke volume being augmented more than the 
heart rate is reduced. This increase can hardly be regarded as reflex 
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at pre-terminal stages, when the left ventricle and auricle fail to 
empty. 

This possible stagnation of flow has never been actually seen, which 
is a point of some importance, since its non-occurrence or very late 
appearance reduces the possibility that lung cedema, when it occurs, 
might be due to the mechanical cause of raised pulmonary pressure, 
rather than to damage to the alveolar membrane. 

Taken together then, the arterial, venous, and pulmonary artery 
pressures show that up to a late stage the heart is functioning well, 
and clearing the venous system and pulmonary circuit adequately. 
We may also infer that when the heart does fail, the two ventricles 
fall out together. 

Vascular Tone . — Alterations in the peripheral circulatory resistance 
furnish only a partial explanation of the changes in arterial blood 






Fig, * 5. — Cat, Nembutal: respiration through valves (expiration upwards). 

Respiration (R) volume of intestinal loop (I.V.), and arterial pressure (A.P.J. 

Inhalation of CNC1, 3 g./rn.*. 

pressure. Thus, the skin vessels, as judged by plethysmographic 
tracings of the leg volume at first show slight active constriction with 
rise of arterial pressure, though afterwards, with falling A.P., the 
continuing constriction is largely passive in character. That it is the 
skin vessels that are here principally concerned is shown by the fact that 
the skinned limb show r s no consistent change in volume. It may be 
that, as is the case in cyanide poisoning, a discharge of adrenaline into 
the circulation accompanies the early phase of the poisoning, and so 
contributes to the general vasoconstriction, but if this is so, the effects 
are not conspicuous. 

As a sample of the splanchnic area, the volume of an intestinal 
I on was studied. This sometimes showed active constriction as the 
blood pressure rose, though it was never very powerful (fig. 5); later, 
or in the decapitate animal immediately, there was an active dilatation 
(fig 5) and at other times the weak early constriction gave way before 
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off from .204 c.c./min* to 8 c.c./min* just before death, the rate being 
reduced from 160 to 22 per, min*, and the stroke volume from about 
1*3 c.c. to about 0*3 c.e* per ventricle. The diastolic * volume of the. 
heart was at the same time enormously increased (by about 10-11 c.c.) 
as the power to empty got progressively less and less. 

There is little doubt that the increased cardiac output, in presence 
of maintained arterial tone, provides the main explanation of the early 
rise of arterial pressure in the animal with intact nervous control. After 
decapitation, or spinal transection (figs. 7, 8, 14), the initial rise of blood 
pressure was not seen, although at first the rise in cardiac output 
occurred; this was probably due to the fact that the vaso-constrictor 
reaction was replaced by a direct relaxing effect of the poison on the 
peripheral vasculature. 

II* Effect ok Respiration* 

The general course of the effects on respiration, and their relation 
to the circulatory changes, when a rapidly fatal dose of cyanogen chloride 
is inhaled is illustrated by fig. 1* As with conscious animals, almost 
immediately the gas mixture reaches the respiratory passages violent 
and rapid coughing sets in; this soon subsides, and, for a variable 
period, is succeeded by deep, and sometimes rapid, breathing (fig. 1); 
this then becomes progressively reduced in depth and frequency, and 
finally ceases, often after a spell of irregular, decelerating, gasping’ 
breaths. The circulation continues to function for some minutes after 
respiration has failed. After long pause in the breathing, deep gasping 
respirations may recommence, and, if the administration has then ceased, 
may be followed by recovery, in which case breathing generally remains 
slow and deep for a long period, or else the animal may succumb after 
all, pulmonary oedema being a frequent termination. 

After an animal has made a precarious recovery, the response to a 
further dose is modified — coughing is now reduced, or absent, probably 
because of damage to the sensory surfaces, and the increase of ventilation 
is much less evident, probably because of damage to the respiratory 
centre or to the various chemo-reeeptors. 

It may easily be shown that both the coughing and the raised 
ventilation are mainly of reflex origin; section of the vagi abolishes 
the coughing, but leaves the augmented breathing well in evidence 
(fig. 9, A, B); if vagotomy is followed by denervation of the carotid 
sinuses, administration of cyanogen chloride leads, at first, not to 
increase but to inhibition of breathing (fig. 9, C). This effect is also 
seen with cyanide, or with oxygen deprivation, and proves that most 
of the usually augmented breathing on inhalation of CNC1 is refiexogenic 
and not centrogenic in origin, the excitability of the respiratory centre, 
in fact, being depressed. In some cases, after elimination of the chemo- 
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in -origin,, since it occurred- in a cat with spinal transection at. the 2nd 
cervical (fig. 7). The increase in one experiment, for instance, was from- 
166 c.c./min. to 274 c.c./min., although there had been a slight fall in 
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Ftg. 7. — Cat, Spinal transection at 02 . Cardiometer tracing and carotid 
pressure. Figures above heart volume show cardiac outputs in c.c./min.: figures 
below show heart rates. At the signal, CNC1, 4 g./ra. 3 , administered by artificial 
respiration, and continued for 3 min. B, shows state 1 rnin. after end of dosage. 



Fig. 8. — Samo as fig. 7, 1*5 hours later. The cardiac output is still high. At 
signal, CNC1 given, $ g./m. 3 , until death. B, C, and D show state at 300, 2 60, [and 
340 seconds from start. 


pulse rate from 20S to 196; later, as the pulse got slower (158), the 
output per minute fell off again to 237 c.c., the output per beat remaining 
about the same (about 1-4-1 *5 c.c.). The increased output is accom- 
panied by an increased diastolic volume, as is usual, and is a phenomenon 
often seen in the early stages of oxygen deprivation. 

At later stages of the poisoning, the output continually falls, to reach 
very low levels and becomes enormously dilated, and finally flickers out 
(G ^S) In that experiment it null be seen that the cardiac output fell 
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was an evident resistance, and it was reversible ; the latter fact probably 
rules out oedema as one of the causes of the resistance. 

Prom these experiments it is inferred that the course of events on 
inhalation of cyanogen chloride is somewhat as follows : first, the upper 
respiratory passages are stimulated, with resultant coughing; then, as 
toxic substances circulate in the blood, a powerful stimulation of the 
carotid bodies, aortic bodies, and any other chemo-receptors ensues, 
with consequent hyperpncea; the effect on the respiratory centre, like 
that of oxygen lack, is essentially a paralysing one, and later, a paralysing 
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Fig. 10.— Rabbit. Nembutal and Intoeostrin*: artificial respiration i record of 
lung volume and arterial pressure. A, administration of CNC1, 3 g./cu.m,, causes 
intense broncho-constriction. B, 15 min. later. C, stimulation of 1. vagus. 


effect is exerted on the chemo-receptors too, so that we are left with a 
failing respiratory centre, the activity of which is confined to the pro- 
duction of gasps, and finally even this fails. The onset of respiratory 
failure is no doubt accelerated by the preliminary stage of hyper- 
ventilation, with washing out of C0 2 , followed by failure of the stimuli 
from the chemo-receptors. 

The effect of the increased breathing on the circulation has been 
referred to above: these movements, in the normal closed chest, 
together with the effect of broncho-constriction, would probably lead 
to an increase of cardiac output, even greater than that which we were 
able to demonstrate in the animal with open thorax. 


III. Pate of Cyanogen Ckloribe in the Bbood. 

Stability of CNCl in Aqueous Solution . — Up to pH 8*0 CNC1 is 
fairly stable in aqueous solution, as the following experiment shows: 
about 7 pg,/ml. of cyanogen chloride was used, in a solution of 1 per 
cent. KTLP0 4 brought to the required pH by NaOH titration by glass 

* A curari substitute* 
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receptors, cyanogen, chloride administration causes merely a reduction 
instead of complete inhibition of breathing. In either case, the period 
of reduction or inhibition of respiration is usually followed by a fugitive 
augmentation of variable magnitude; this is, we think, attributable to 
an effect of the mounting C0 2 , upon the centre. Decerebration at 
the level of the superior colliculi, with vagi left intact, also seems to 
abolish the cough reflex; no explanation can be offered for this at 
present, as it is difficult to see what important afferents could have 
been eliminated, and we are left with the supposition that the* cough 



1*10. 9. — Babbit. Kembutab Inhalation of CNC1, 2 g./eu.m. A, before 
further operation. B, after section of both vagi. C, after denervation of 

carotid sinuses. 


must be influenced in some way by centres lying above the level 
of the pons. 

Effect on Calibre of Air Passages . — In these experiments the chest was 
opened, and artificial respiration carried out by rhythmical blasts from 
a Brodie pump, with free escape from a T-traehea tube; the volume of 
the lungs was recorded, each inflation causing an upward movement on 
the tracing. On administration of the CNC1 there followed within a 
minute a slowly gathering obstruction to collapse of the lung after each 
inflation, so that the lung remained blown out. After cessation of the 
administration the effect slowly disappeared (fig. 10, A, B). As a 
check on the method it was demonstrated that stimulation of the vagus 
likewise caused broncho-constriction (fig. 10, C). After cyanogen 
chloride administration the lungs were not only inflated but always 
looked extremely vascular and of a scarlet colour. 

With the method employed one cannot be certain that the resistance 
to inflation of the lungs after cyanogen chloride is wholly due to con- 
triction of the bronchiolar musculature; part of it might have been due 
to vascular engorgement, or to mdema, hut whatever the cause there 
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ently not so rapid as to niake the toxicity appreciably different whether 
administered by inhalation or by injection. 

Behaviour in Body when Inhaled . — The above considerations lead 
to the question whether, in fact, either CN01 or a potent derivative 
of it demonstrably persists in blood for an interval of time adequate 
to allow it to produce effects. It will be seen from fig. 11 that the 
injection of the CNCl-blood mixture is not entirely without effect, and 
if the dose of cyanogen chloride added be large enough, quite a consider- 
able effect can be produced, and this shows no diminution on further 



Fio. II. — Babbit. Nembutal. A, intravenous injection of 08 mg. CNCi, in 
4 c.c. blood (heparinized). B, intravenous injection into B. ext. jug. of 0*8 mg. 

CNC1 in 4 c.c. saline. C, (on right) intravenous injection of equivalent amount 
of HON (0*35 mg.) in 0*35 c.c. 

keeping of the mixture. To decide whether the effects of the substance 
were, at least in part, blood-borne, recourse was had to cross -circulation 
experiments. Two cats were used, side by side, and a carotid-carotid 
cross-circulation was set up between them, so that blood from cat 1 
continually passed to the peripheral end of the carotid of cat 2 (and so 
to his carotid body), while blood flowed vice versa from cat 2 to cat 1. 
Cat 1, breathing by valves, was given the inhalation of CNCI, with the 
usual effects on his blood pressure and respiration; after a brief delay, 
similar, though milder effects, were produced on cat 2 (fig. 12, A). 
Next, the crossed circulation was interrupted for a time, and cat 1 again 
given an inhalation of CNC1 for a period, and then, about 5 seconds after 
the end of that period, the crossed circulation was re-established. 
Again cat 2 showed unmistakable effects on respiration, which is always 
the more sensitive reaction; effects on arterial pressure were equivocal. 

This experiment proves beyond doubt that, despite the rapid dis- 
appearance of CNC1 from blood, effects of it are at least in part capable 
of being blood-borne, either because some CNCI itself reaches the tissues 
or because some other toxic product is formed from it, and does so. 

Slightly to anticipate what is to follow, it maj 7 be stated that, whether 
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electrode. Samples were removed at intervals for analysis by omitting 
the bromination stage in the method described by Aldridge for HON 
[Aldridge, 1944, 1945]/ At room temperature (18-20° C.): 


pH, - 

L 

CNCI /xg./ml. 

h x 10 3 (hr.). 

4-47 

/ 

0 

7*33 

• 


2 hr. 22 min. 

7*41 



42 hr. 

5*71 

5*9 

6-94 

0 

7*06 



2 hr. 18 min. 

6-70 

. * 


42 hr. 

1*85 

31*8 

7*52 

* 0 

7*17 



33 min. 

6*86 

! I! 


2 lor. 18 min. 

6*30 

56*2 


42 hr. 

0*91 

49*0 

8-0 

0 

7*17 



32 min. 

6-86 

, , 


2 hr. 17 min. 

6-11 

69*8 


42 hr. 

0*39 

69*8 


Stability in Blood. — At blood pH (around 7*4) therefore, change in 
aqueous solution is slow, and it might be expected to be similarly stable 
in the presence of blood. This, however, is not the case, as will be seen 
by the next experiment, and, later, by direct chemical proof (which 
is the order in which the experiments were made). In fig, 11, A, is shown 
the effect of injection of 0*8 mg. of CNCI, which a few seconds before 
had been added to 4 ml. of the animaFs own blood, heparinised to prevent 
clotting, and in fig. 1 1 , B, the effect on the same animal of the same amount 
of CNCI injected in solution in 0*9 per cent, of Had solution. For 
comparison, fig. 1 1 , C, shows the effect of the chemically equivalent amount 
of HCN (0*35 mg.). The results prove, first, the arresting fact that 
CNCI is rapidly altered by blood, and second, that an equivalent 
amount of HC1S T is much more effective. Destruction of CNCI by blood 
cannot be instantaneous, or injection would be of no effect anyway, but 
it is undoubtedly only a matter of seconds at 37° C, The time of transit 
from the site of injection (external jugular vein in fig. 11) to the carotid 
sinus would, in a small animal like a rabbit, be of the order of a second 
only. We thought that by injecting the substance into a more peri- 
pheral vein, such as the femoral, and so adding to its journey a further 
time of transit it might perhaps be possible to show that a smaller effect 
was produced than when injected into the jugular, but, in fact, found 
no measurable difference in the effects. Experiments in vitro , however, 
showed that the rate of destruction in blood was quite high, but appar- 
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CNC1 it was, in fact, possible to detect HCN in the animal's blood. The 
HCN was estimated by Aldridge's method. First, a pre-dosage sample 
of blood was taken from the nembutalised animal. Then the animal 






A.P ^ 







Fig. 13. — Cat. Nembutal: vagi intact: administration by intravenous 
injection. A, 0*95 mg. CNC1 in 3 c.e. into 1. femoral vein. B, 0-144 mg. HCN 
( == 35 per cent, of amount equivalent to 0*95 mg. CNCl) as KCN, into 1. femoral 
vein. C, 0*122 mg. HCN (equal to 30 per cent, equivalent of 0*95 mg. CNCl) into 
1. femoral vein. I), 0*95 mg. CNCl into portal (splenic) vein branch. E, 1*9 mg. 
CNCl into portal vein branch (no pressure record). K., respiration, A.P., 

arterial pressure. 


inhaled till the end of the experiment a chosen concentration (3 g./ cu.m.) 
of CNCl through the respiratory valves, records of arterial pressure and 
respiration being taken throughout; blood samples for analysis were 
collected from the carotid artery at intervals. The tracing resembled 
that of fig. 1 so closely that it need not be reproduced. The results 
were as given overleaf. 
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or not any of the actions of CNC1 (beyond those on surfaces directly 
exposed to it) may be due in part to the substance itself, it is beyond 
doubt that much of its effect is due to its very rapid conversion into 
HCN. by the blood. The conversion is not quantitative, but generally 
seems to represent the change of about 30 per cent, of the substance into 
HCN. This must be discussed in detail later, since it is unexpected 
from the chemical point of view. 






V5**» 


A 


B 


Fig, 12. — Two cats. Nembutal Heparin: cross-circulation established , 
carotid to carotid. Cat 1, breathing by valves, received the CNC1, 3 g./m. 5 , 
between signals. Cat 2, breathing by T-trachea tube, received no gas by lungs. 
A.P, 1> femoral a rtery pressure of cat 1. A.P. 2, femoral arteiy pressure of cat 2. 
R.I, respiration cat 1 (expiration). JR.2, respiration (insp. and exp.) of cat 2. 
In tracing A the cross-circulation was in action from start. In tracing B the 
cross -circulation was cut off to begin, and was opened again at arrow, just after 
administration of CNC) stopped. 


Comparison of the effects of known doses of CNC1 and of HCN 
given intravenously, on arterial pressure and on respiration (particularly 
the latter), show that the CNC1 exerts an effect which is roughly 30 per 
cent, of that of the chemically equivalent amount of HCN. Thus 
(fig. 13, A, B, C) 0-95 mg. of CNC1 produces about the same effect as 
0-12 mg. of HCN. It is perhaps worth recording also, that when injected 
into the portal vein, so that it goes first through the liver before reaching 
the general circulation, CNC1 produces but slight or no effects (fig. 13, 
D E) Since the substance is all destroyed, and largely by conversion 
‘ to HCN, this may mean that that substance is detoxicated in the liver; 
if t° nlthontdi we have obtained direct evidence from liver perfusion 
and other experiments that this is so, we did not find the detoxification 

t0 ^'Hhirt^SfthfmttVran^ to seek confirmation of the in vitro 
expSeSs *£# -s made to find whether during inhalation of 
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IV. Effect on the Central Nervous System. 

In considering the effect of CNC1 on the central nervous system, 
it must he borne in mind that most of the experiments here described 
have necessarily been performed on anaesthetised animals. Consequently 
convulsions, and the vomiting, such prominent features when intact 
mals are used, are commonly in abeyance. Fig. 6, which is typical, 
ws that under these conditions general muscular movement is, on 
whole, slight. Sometimes there are pre-mortal spasms when the 
sesthesia is light, and a much reduced type of spasm may occasionally 
en in the spinal or decerebrate animal, from which the Volatile 
used for the initial operation has been blown off, but these 
he tempestuous character of the convulsions seen in the 
hetised animal. It may be inferred from this that the 
ainly of cortical origin, and that the remaining motor 
subsidiary part in their production, 
s of CNC1 are often to produce facilitation or 
r and spinal centres, with resulting outbursts 
oxygen lack in general, there occurs a sym- 
uch symptoms as pupil dilatation, vaso- 
dio-inhibition of central origin, as well as 
centre by way of the outlying reflexogenic 
state of excitation gives way to one of 
reads from the higher to the lower centres, 
n early, the conjunctival reflex disappears, 
ressed and probably the chemo -receptors 
, and spinal reflexes are abolished. This 
illustrated by fig. 14 in which the knee- 
aps on the patellar tendon with an 
scribed by Schweitzer and Wright 
e respiration fails, but returns 
a small dose. Convulsions, when 
;tage than that of the loss of the 
assume that the latter is to be 
rather than to paralysis of 

°h as leads to protracted 
station is only feasible 
the central nervous 
^ damage is to be 
1 dose, the effects 
thal exposures, 
possibility of 
indeed, is the 
a. We have 
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Time from zero. 

A.P., 

Relative . 
respiratory 
ventilation. 

HCN" content of 
arterial bloody 
ftg.fml. 

* Pre*zero 

140 

44 

0 

30 sec. 

180 

260 


1 min. 

134 

106 

3*0 

3*5 min. 

88 

15 

4*1 . 

6 min. 

54 

8 

4*4 


In no case was any CNC1 found in the blood. Thiocyanate of the blood 
was raised to about double its original level, but could not be accurately 
estimated in whole 'blood, and plasma was not available in sufficient 
amount for analysis. These results prove that when CNC1 is being 
inhaled in concentrations that, though by no means high, would soon 
prove lethal, HCN almost immediately appears in the arterial blood, and 
so would quickly be delivered all over the body. In the absence of any 
known experimental data as to what concentrations of HCN in the blood 
might be expected to prove lethal, a parallel experiment was performed 
on a cat inhaling an HCN-air mixture of ultimately lethal composition. 
The concentration chosen was 1 g./cu.m. Inhalation was for 4' 25", 
and the tracing, with points of blood sampling shown (B.S, 1, 2, 3), 
reproduced in fig. 2. Sample 4 was taken just before death, and is not 
shown on the tracing. 


Time from zero. 

A.P., 

mm.Hg. 

Relative 

respiratory 

ventilation. 

HCN content 
blood, 
/ig./ml. 

HCNS content 
of blood 
plasma, 
fig -/ mb 

Before . 

210 

30 

0 

3*9 

35 sec. . 

60 

220 

3*0 

4*2 

240 „ . . 

60 

30 

9*8 

4*4 

265 „ administration 

ceased. 




375 „ * 

20 

0 

; 

6*2 

5*0 


Clearly, the concentration of HCN produced in the blood during the 
inhalation of the CNC1 was of an order of magnitude such as to compare 
with that resulting from the inhalation of HCN itself. The concen- 
tration of HCN in the air inhaled was chemically equivalent to 75 per 
cent of the CNC1 used in the previous experiment: we may assume 
that half the concentration of HCN would have produced a maximal 
content of HCN of about the same order as was formed in the CNC1 
„^ 0 rimpnt which would support our other estimates that about 
3? P er“ent: of the CNC1 is converted to HCN. 
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IV. Effect on the Central Nervous System. 

In considering the effect of CNC1 on the central nervous system, 
it must be borne in mind that most of the experiments here described 
have necessarily been performed on anaesthetised animals. Consequently 
the convulsions, and the vomiting, such prominent features when intact 
animals are used, are commonly in abeyance. Fig. 6, which is typical, 
shows that under these conditions general muscular movement is, on 
the whole, slight. Sometimes there are pre-mortal spasms when the 
anaesthesia is light, and a much reduced type of spasm may occasionally 
be seen in the spinal or decerebrate animal, from which the Volatile 
anaesthetic used for the initial operation has been blown off, but these 
never have the tempestuous character of the convulsions seen in the 
intact unansesthetised animal. It may be inferred from this that the 
convulsions are mainly of cortical origin, and that the remaining motor 
centres only play a subsidiary part in their production. 

The initial effects of CNC1 are often to produce facilitation or 
excitation of the bulbar and spinal centres, with resulting outbursts 
of activity. So, as with oxygen lack in general, there occurs a sym- 
pathetic outflow, with such symptoms as pupil dilatation, vaso- 
constriction, etc., also cardio-inhibition of central origin, as well as 
excitation of the respiratory centre by way of the outlying reflexogenic' 
structures. Very soon the state of excitation gives way to one of 
paralysis, which probably spreads from the higher to the lower centres. 
Loss of consciousness comes on early, the conjunctival reflex disappears, 
the respiratory centre is depressed and probably the chemo-receptors 
fail, vaso-motor tone is reduced, and spinal reflexes are abolished. This 
latter happens quite early, as is illustrated by fig. 14 in which the knee- 
jerk was elicited by rhythmic taps on the patellar tendon with an 
electromagnetic hammer, as described by Schweitzer and Wright 
[1936]. The reflex is reduced before respiration fails, but returns 
abruptly (fig. 14) soon after the end of a small dose. Convulsions, when 
they occur, come on at a much later stage than that of the loss of the 
spinal reflexes, and it seems fair to assume that the latter is to be 
attributed to failure of synaptic conduction rather than to paralysis of 
the neurocytons themselves. 

After a large or prolonged dose of CNC1 such as leads to protracted 
gasping or failure of respiration from which resuscitation is only feasible 
with the aid of artificial respiration, recovery of the central nervous 
system is much slower and less perfect, and cyton damage is to be 
suspected. Hence, after apparent recovery from such a dose, the effects 
of further dosage may he modified. After such near-lethal exposures, 
particularly if they are repeated, there is always the possibility of 
permanent damage to the central nervous system, as, indeed, is the 
•case in CO or HCN poisoning, or any other forms of anoxia. We have 
VOL. XXXIII, NO. 4. — 1946. 18 
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only seen one such case with CNC1, and that was perhaps complicated 
by. the fact that ; to obviate discomfort, the animal (dog) was lightly 
narcotised with nembutal before exposure. This animal had received 
previous exposures to HON 25-50 mg. /cu.m, for 5 hours, and previous 
narcotisations with nembutal, also small doses of NaCN by mouth, 
without any after effects whatever. The exposure was to the low 
concentrations of 50 mg./ cu.m, for 3 hours, followed by 100 mg./cu.m. 
for a further 3 hours; during exposure there were no convulsions, and 
no symptoms beyond rather deep and regular breathing after the first 



c C at 


Pig. 14, — Decapitate cat (1 hour after decapitation). Knee jerk (K.J.) by 
taps at 26 p. min. Arterial blood pressure (A.P.). Inhalation of CNC1 for 100 sec. 

two hours. The dog, however, remained totally unconscious for 4 
days, and only very slowly recovered smell, sight, hearing, and power of 
voluntary movement. Full restoration of voluntary movement and 
of hearing were apparently achieved after about 2 to 3 weeks, but even 
after 3 months vision was restricted, and the animal showed an altered 
disposition, being at times surly and unco -operative, with signs of mental 
degeneration. 

We have seen two cases of hind-limb paralysis in dogs similarly 
treated with HCN. Oster, Toman, and Smith [1944] also report 
occasional blindness, loss of reactions, and behaviour-changes in cats 
repeatedly exposed to hypoxia. 

V. Effect ok Oxygbk Usage by Body. 

From what has been said, it would be anticipated that CN Cl would 
exert on the tissues an effect similar to that of HCN, and cause a reduc- 
tion in the oxygen utilisation of the tissues, and so of the body as a 
whole. Experiment showed that this is so. 
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The arterio-venous oxygen difference was first examined. Samples 
of blood were simultaneously withdrawn from the venous and arterial 
sides, before and during administration of CNCl. In one experiment 
the jugular vein and carotid artery were the sites of sampling, and the 
degree of oxygen difference gave an idea of the oxygen utilisation of 
the head; in two other experiments blood was drawn from the right 
and left sides of the heart, so giving a measure of the general oxygen 
\isage of the body as a whole. Even without analysis it was evident 
that during the administration of CNCl the oxygen uptake of the tissues 
was lowered, since the venous blood became brighter in colour, as in 
HCN poisoning. 

The results are given below. The difference in oxygen content of 
the arterial and venous blood was determined by the Barcroft differential 
method, which was accurate enough for purposes of demonstration. 
The GNC1, 3 g./cu.m., was given by inhalation. For comparison a 
small dose of HCN was given in one case, by intravenous injection. 


Site of blood sampling. 

Time, min. 

A— V difference. 
Vols. 0j/10 0 blood. 

I. Ext. Jog.-carotid . 

0 

15 (CNCl on) 

10*4 


20 

5*9 

XL Eight-left ventr. . 

0 

2 (CNCl on) 

14-0 


3*5 

i*o 


4 (CNCl off) 

, , 


20 

27 (CNCl on) 

4-5 


. 27*5 

2*7 

m. KV-LV . ' . 

0 

12*8 

i 

1 

4 (CNCl on) i 

5 (CNCl off) 1 

*• 


5‘6 

3*2 


37 

5*9 


41 (CNCl on) 

44 (CNCl off) 

•• 


44-5 

0-6 


96 

103 (2 mg. HCN) 

12*0 

_ 

104 

3*0 


The experiments show that the oxygen usage is not only depressed 
at the time of administration, but that the effect lasts for a considerable 
time afterwards. 

Actual Oxygen Intake of Body . — The oxygen utilisation of the entire 
animal (rabbit) was determined, and graphically recorded by means of 
an improvised modification of the spirometer inethod of Krogh. The 
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CNC1 was given in small doses (2 mg. at a time) by intravenous injection. 
Eig. 15 shows the result of an experiment, and shows, even at a glance, 




Fig. 15. — Babbit, Nembutal. Oxygen usage by spirometer method. Figures 
above spirometer record show oxygen usages in c.c./kg./min. A, normal period. 
B, 25 sec. and onwards after second of two doses of 2 mg. each, of CNC1 in 1 c.c. 
saline, injected into external jugular vein. 


that the oxygen uptake of the animal is greatly reduced after admini- 
stration of cyanogen chloride. The rate before administration was 



Hun 


Pig 1C —Effect on oxygen consumption of rabbit. 2 mg. CNC1 injected 
x * * intravenously at arrow. 


cteadv and about 10-2 ml./kg./min.; two successive doses of 2 mg 
PNC1 were given with an interval of 5 minutes: the first dose caused 
a drop to about 8 ml./kg./min., and the second to about 2-9 ml./kg./mm., 
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yet the arterial blood pressure showed little alteration, and the respira- 
tory movements were not greatly increased. The results of another 
experiment, in which the effect of, and recovery from, a single dose of 
2 mg. is well shown, are given in the graphs of fig. 16. 

VI. Mode oe Detoxication in the Body. 

If, as we believe, a part of the cyanogen chloride introduced into 
the body is converted into HCN, its ultimate fate in the body should 
be the same as that of the latter substance. It is generally believed, 
and with some amount of direct evidence, that HCN is converted, at 
least in part, into thiocyanate in the body, and principally in the liver. 
Using the new and delicate method for estimation of cyanide and of 
thiocyanate (the latter only possible in the plasma), we have first 
obtained confirmation of this, by two independent methods. In the 
first, excised rabbit livers were perfused at 37° C., through the portal 
vein, with defibrinated blood, to which small amounts of cyanide were 
added from time to time ; samples of the blood were taken at intervals 
for estimation of cyanide and of plasma thiocyanate. Some of the 
cyanide was lost by evaporation in the course of the circulation, so that 
figures for the extent of conversion cannot be given. The following 
outline protocol shows that conversion to thiocyanate did occur. The 
total blood volume was 170 ml. 


I 

Time, 

min. 

Addition of HCN, 
(NaCN) /ig. 

HCN content (blood), 
/ig./ml. 

HCNS of Plasma, 
/ig./ml. 

0 

100 

0-6 

1*5 

5 

slow addition calculated 
to give, in all, 30 /ig./ml. 


* * 

15 

7*8 

2-6 

30 

. . 

4*7 

3*9 

■■ 


2*2 

7*6 


The second method depends on the fact that the saliva of the dog 
normally contains but little thiocyanate (it is usually stated to contain 
none). First it was shown in acute experiments that the saliva (obtained 
by chorda stimulation from the cannulated submandibular gland) 
contained as a rule less thiocyanate than 5 /jg./ml., then, that after 
giving thiocyanate by mouth, or intravenously, so that the blood 
plasma contained, say, 20 mg./mh, the chorda saliva, sympathetic 
saliva, refiexly secreted saliva, pancreatic juice (by secretin), and urine 
all contained thiocyanate in large amount. 

Next, a permanent salivary fistula (parotid) was established surgically 
under full nembutal anaesthesia in an 18-kg. bitch, so that a series of 
observations could be made, each extending over a period of days, if 
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necessary. Saliva was collected by allowing the dog to eat meat, 
or by exhibiting meat to her. 


Experiment 1. 

Saliva by feeding contained HCNS=3-5 pg./ml, at 4 p.m., 22.5.44. 
At 5 p.m. gave 1 g. NaCNS in milk. 

23.3.44. ‘10.30 a.m. Saliva = 63 pg./ml. Blood 38 ftgJmh (5 p.m.). 

24.5.44. 10 a.m. Saliva = 22 „ 

25.5.44. 3 p.m. Saliva = 16 „ Blood 12 ug./ml. 

30.5.44 3 p.m. Saliva = 4 

Experiment 2. 


15.6.44. 

16.6.44 a.m. 

17.6.44 p.m. 

18.6.44. 


19.6.44. 

20.6.44. 

21.6.44. 


Normal saliva thiocyanate 1*8 pg./ml. 

99 9) " )) 3*2 ,, 

a st j> 2*2 ,, 

Gave between 10 a.m. and 4 p.m. 15 doses, each of 
10 mg. of NaCN, in 20 ml. milk. At 5 p.m. 
thiocyanate- 6 pg./ml. saliva. 

Saliva thiocyanate at 11 a.m. =16*5 pg./ml. 

at 3*30 p.m. — 10*6 pg./ml. 

12 noon, saliva thiocyanate =8*7 pg ./ml. 

11.30 a.m. saliva thiocyanate =2*2 /xg./ml. 


Experiment 3. 

Saliva thiocyanate : 


: 4*3 pg./ml. at 10 a.m., 30.6.44. 


30.6.44. At 11 a.m. animal placed in 10 cu.m, chamber, and 

HCN cone, of mean 49 mg. /cu.m, put up, till 11.40, 
when vomiting occurred, and respirations were 
deepened. The dog was removed for a spell, and 
replaced in concentration of 25 mg./cu.m. from 
12.10 till 4.50, which was well tolerated. 

5 p.m. Saliva thiocyanate = 16*5 pg./ml. 

5 p.m. ,, „ =15*5 „ 


30.6.44. 

1.7.44. 

2.7.44. 

3.7.44. 

6.7.44. 


10.30 a.m. 


= 12 *2 
= 7*0 
= 0*3 


These three experiments show that thiocyanate given by mouth is 
excreted in the saliva (and other secretions), that clearance of the 
substance takes some days, and that HCN, given orally or fay inhalation, 
leads to an increase in the excretion of thiocyanate in the saliva. 
Administration of CNCl was next proceeded with, but, in order to 
obviate suffering in our very co-operative collaborator, she was first 
given a light dose of nembutal, under which she slept well throughout 

the exposure. 

31 7 44. Saliva thiocyanate = trace less than 0*5 pg./ml. 

1 8 44 * In the 10 cu * m * chamber , a cone, of GO mg./cu.m . of CNC1 
was set up, and we, with another observer, went into it 
for some minutes to find whether it was unduly irritating, 
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which it was not held to be. At 11.05 the dog was 
brought in, and the cone, had now fallen to 41 mg./cu.m. 
The cone, was boosted up at intervals, to keep it at 
about 40-50 mg./cu.m., and, as this seemed to produce 
no effects, it was stepped up to 100 mg./cu.m. at 2.45 p.m. 
and kept at this level (81-105) until 5.30 p.m., when the 
dog was finally removed. The only symptom seen was 
deep breathing during the final 2 hours, but this was 
quite regular and there was no sign of convulsions. 

2.8.44. 10.30 a.m. animal still unconscious, and had passed no 

urine. Saliva obtained by placing dilute acetic acid in 
mouth: thiocyanate = 34*5 /zg./ml. 

3.8.44. 10 a.m. still unconscious. Thiocyanate = 35*2 /rg./ml. 

4.8.44. 9.45 a.m. still unconscious. Thiocyanate = 29*2 pg./ml. 

Given water by stomach tube, and 2 doses coramine 
1*7 ml., without effect. 

5.8.44. Unconscious: rigid: no reflexes obtainable. Given milk 

and Lemco by stomach tube. HCNS = 26*9 [xg./m\. 

11.8.44. Periodic fits of tachypnoea and muscular rigidity, but 

slight improvement. HONS = 18*9 /Lig./ml. 

14.8.44. Some improvement : can stand a little : has slight hearing, 

but still blind: refuses meat, but slowly laps milk. 

21.8.44. Walks and eats: has hearing, but still blind. Saliva 

thiocyanate = 21 /xg./ml. Serum HCNS=4*1 jtg./mL 

30.8.44. Vision returning. Walks and eats well. 

20.10.44. Vision still imperfect. Animal, formerly very friendly and 
demonstrative, is now surly and of senile appearance. 
Experiment discontinued. 

Although the experiment succeeded in showing an increase in saliva 
thiocyanate following the exposure, its persistence is unexplained. For 
weeks after the experiment the saliva still contained an abnormally 
large quantity of thiocyanate, yet the diet was no different from that 
previously consumed. At first we thought that the kidneys were 
damaged, but it is difficult to suppose that their functions were so 
greatly impaired as the persistence would suggest, and, moreover, the 
plasma HCNS was not high later on. 

VII. Experiments with Blood in Yitizo. 

Experiments were carried out in vitro in order to confirm the observa- 
tions made in vivo , and, if possible, to discover something of the 
mechanism of the conversion. Here, we shall only deal with the 
first of these two goals: the second and more purely biochemical one 
will be the subject of a further paper. 1 

1 By W. N. A. in preparation. 

Pending the appearance of this communication, brief summary of the conclusions 
to date may be given. The conversion is a two-stage reaction: first the CNC1 forms 
a combination with haemoglobin: then, in presence of reduced glutathione HGN is 
liberated from tins compound. 
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When HCN is added to blood, it remains unchanged, apart from 
some initial loss due perhaps to evaporation in mixing, during a con- 
siderable time. The following results are for defibrinated rabbit 
blood, 17° Ch- 


Time, 

min. 

HCN, ftg./ml. 

in 

HCNS, /ig./m 1. in 
plasma. 

Blood. 

Bed cells. 

Plasma. 

0 

22 

35 

16*2 

0*6 

20 

13*3 

17-3 

11*4 

0*6 , 

40 

11*7 

12*2 

11*6 

0*16 

60 

13*1 

16*1 

11*8 

0*6 

80 

13*5 

16*4 

12 *2 

0*6 


in contrast, when CNC1 is added to blood at room temperature, it 
soon disappears, and some HCN replaces it. Thus, for defibrinated 
rabbit blood at 17° C. : — 


Time, 

min. 

CNCl, pg./mL 
in blood. 

HCN, //g./ral. 
in blood. 

Per cent . 
conversion 
CNC1-HCN. 

0 

21*2 

0 


15 

0 

2*74 

29-5 

30 

0 

2*36 

25-4 


The reduction in HCN after 30 min. is possibly due to evaporation. 

In a series of similar experiments, varying amounts of CNC1 were 
added to defibrinated rabbit’s blood <37° C.) with the following results : — 


CNCl added, 
/ig./ml. 

Per cent, 
conversion. 

CNCl added, 
;»g./ml. 

Per cent, 
conversion. 

130 

32 

22 

36 

70 

39 

21 

32 

62 

30 

18 

33 

30 

39 

9*6 

59 


When serum was used instead of blood, however, the CNC1 was 
ain very rapidly destroyed, but now no HCN or HCNS was produced. 
* ° Evidence that HCN was produced by the action of blood on CNCl 
provided by the observation that the substance in blood treated 
th CNCl not only gave the colour reaction with amines in pyridine 
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solution, after preliminary bromination, by which the estimations were 
made, but also gave the copper benzidine, Prussian blue, and thiocyanate 
reactions. Blank tests without blood were, of course, negative. The 
conversion of CNC1 into cyanide evidently only occurs in presence of red 
cells, and the serum or plasma, if anything, competes with the red cells, 
and destroys the CNC1 by conversion into something (at present un- 
identified) other than cyanide. For this reason, the percentage con- 
version to cyanide may he greater when washed red cells suspended in 
saline are used than when whole blood is taken : the following figures, 
from a series of experiments with such suspensions, illustrates this : — 


Experiments at Body Temperature (37° C.). 


CNCl added, 
//g./ml. 

Per cent, 
conversion. 

^g./CNCI/ml. 

Per cent, 
conversion. 

126 

25 

20 

61 

65 

45 

20 

59 

33 

68 

9*7 

73 


The mechanism of the change need not be considered here, but that 
in whole blood it is extremely rapid is shown by the following experi- 
ment: For each test, 1 nil. defibrinated rabbit blood was warmed to 
37° C. in a small centrifuge tube. At zero time, 0*2 ml. of an aqueous 
CNC1 solution, containing 11*5 jug./ml., also previously warmed to 
37° C. was added from a syringe: the whole was rapidly mixed, kept at 
37° C., and at a prearranged time the 'reaction was stopped by the 
addition of 5 per cent, trichloracetic acid. Blanks were done with 
CNC1 and trichloracetic acid. 

Time , sec , Per cent . conversion . 

5 57*5 

10 59-3 

30 55*7 

60 50*0 

600 46*2 

In from 5 to 10 secs,, the maximal amount of conversion (greater 
than customary) had taken place. It will have been noted that when 
the amount of CNC1 added is relatively small, the degree of conversion 
is higher, as in the present experiment, though it is seldom less than 
30 per cent. What degree of conversion obtains for CNC1 injected 
or inhaled into the blood-stream cannot be exactly stated. Some of 
the data already given also suggest a figure of the order of 30 per cent. 
But toxicity figures, on the assumption that the toxicity is due solely 
and entirely to the HCN formed, would suggest a higher figure. Thus, 
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the LD 50 for rabbits, for HCN by intravenous injection is about 0*8 
mg./kg M while trials with CNC1 showed it to be of the order of 2*5 
m g*/kg' This would, on the assumptions given above, amount to a 
conversion of about 75 per cent, of the CNC1 into HCN. 

Summary. 

- 1. An analysis of the physiological effects of cyanogen chloride is 
given. These effects closely resemble those of hydrocyanic acid: in 
addition there is a local effect on the respiratory passages, resulting in 
broncho-constriction and ultimately in damage, when the vapour is 
inhaled. 

2. Blood, or red corpuscles, rapidly converts cyanogen chloride into 
hydrocyanic acid. Serum also rapidly destroys cyanogen chloride, 
but without formation of hydrocyanic acid. 

3. Conversion of CNC1 into HCN by blood is not quantitative. In 
vitro the per cent, conversion is about 30 : for isolated red cells it may 
be more, and it may be more in vivo . 

4. When CNC1 is inhaled, HCN can be immediately identified in the 
blood, and in amount comparable with that detectable when comparably 
toxic concentrations of HCN are breathed. 

5. It is concluded that the lethal effects of CNC1 are due to the 
formation of HCN, and that other actions are subsidiary. 

6. Evidence is given that both HCN and CNC1 are ultimately 
converted into HCNS in the body. 

We wish to thank the Ministry of Supply for providing the facilities 
for carrying out this investigation, and for giving permission for its 
publication. 
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THE RELATIONSHIP OF HEPARIN TO TRAUMA.. By John 
Pollard and S. Brandon Stoker. From the Department of 
Physiology, King’s College, Newcastle-on-Tyne. 

{Received for publication 17 th April 1945.) 

Dueing a study of the blood clotting time (B.C.T.) it was found that, 
on our apparatus, in normal healthy persons values from 3 to 15 minutes 
occurred [Stoker, 1934], In any one person B.C.T. is not constant. x 
Changes, often periodic, are produced naturally which sometimes 
amount to three or four minutes. These periodic changes take place 
over several hours, and are best observed when specimens are taken 
from a person at 15- to 20-minute intervals. When specimens are taken 
at short intervals such as 1-3 minutes, we have found that changes of a 
different kind occur as shown in fig. 1, It will be seen that after a 
preliminary shortening of C.T. there is a general rise which lasts about 
seven minutes. Such results suggested that the trauma caused by 
taking the blood sample introduced changes in B.C.T. of a different 
order from the naturally occurring changes referred to above. A group 
of experiments in which two tests only were made, the second at varying 
intervals after the first, showed that such changes in C.T. axe set in 
motion by the first prick and are of the type shown in fig. 1 whether the 
first prick is followed by one or by several further pricks soon afterwards. 
This investigation was undertaken to explore such changes in clotting 
time due to trauma. The causative agent of the preliminary shortening 
will be referred to as Discharge A, and that of the anticoagulant effect 
as Discharge B. Discharge B will be considered first. 

Since it seemed that heparin, which has been the only known 
naturally occurring anticoagulant, might be involved, we have made a 
detailed study of its action in vitro in quantities capable of producing 
effects comparable with the observed differences in B.C.T. We have 
also investigated the action of the basic anticoagulant Toluidin Blue and 
the acidic anticoagulant Chlorazol Fast Pink. The choice of solvent for 
these substances is a matter of importance. The changes in C.T. to be 
investigated seldom exceed four minutes, and addition of saline may 
itself cause lengthening, while distilled water may cause a slight shorten- 
ing. We found it advantageous to work in distilled w r ater solution, and 
the tests in this work, except where otherwise stated, have been made 
with 85 volumes of shed blood and 15 volumes of aqueous addition. Our 

267 



268 


Pollard and Stoker 


tests have been made on capillary blood run directly from the skin 
puncture into the cannulas, except for a few tests on animals in. which 
venous blood was used. 

In view of the smallness of the changes to be investigated, it was 
necessary to take all possible steps to ensure accuracy. We have used 
the Stoker Automatic Multiple Coagulometer [1945] which gives readings 
at half-minute intervals, and closely adhered to the prescribed technique. 
We maintained a room temperature of approximately 70° F., a very high 
degree of cleanliness of apparatus, and constant dimensions and quality 

EXP. 75. INDEX TO SYMBOLS. 

, } « L HAND. 



Fig. 1.— Clotting times of capillary blood unmixod -with any diluent. 


of glass cannulse, since we find that different qualities of glass give 
different values for C.T. 

Two cannulse are prepared. Into one is introduced a solution of 
the anticoagulant, and into the other distilled water or normal saline 
according to the solvent used for the test substance. Blood obtained 
from one flow is run into each and the contents of each cannula are then 
carefully mixed. The specimen with aqueous or saline addition only is 
used as a control, and the difference between the clotting times gives the 
effect produced by the added substance. Our ultimate objective being 
the investigation of the effect of trauma, we have avoided, as far as 
possible, using for these tests the blood of persons affected by even 
slight injuries. 

Arrangement of Results . 

When equal amounts of an anticoagulant are added to specimens of 
blood the control samples of which show differing C.T., the effect of the 
anticoagulant is not always the same but varies according to the C.T. of 
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the control. Rigs. 3 and 4 show that by arranging results in order 
according to the C.T. of the controls a regular sequence of effect is 
obtained. Results varying in this manner are given by the basic 
anticoagulants Tol. Blue and Methylene Blue, and by the acidic anti- 
coagulants heparin, Chlorazol R. Rink, and Chlorazol Sky Blue. 
Toluidin Blue . — The work falls into three parts : 

(a) With quantities exceeding 35 parts per million parts of blood 
(parts per mill.), the well-known anticoagulant effect can be seen. This 
action is not discussed here. (By 1 part per mill, is meant 1 mg. per 
100 ml. blood.) 



Fig. 2. — Effect of Toluidin Blue, in strengths varying from 12 to 25 parts per million 
in the blood, on blood samples of various clotting times. 


(i b ) With amounts of Tol. Blue between 12-25 parts per mill, the 
effect is to bring all C.Ts. to around 6 minutes whatever the control time 
may he. Small differences occur, but the physiological significance of 
these cannot be determined with validity by present methods. In 
fig. 2 each dot represents the result of one test, and 85 per cent, of 
the dots lie in a straight diagonal band. 

(c) In quantities of 1, 2, and 3 parts per mill. Tol. Blue has an 
action resembling but more powerful than that described under {&). 
The results axe given in Table I. Minute quantities of adrenalin and 
the trauma discharges are sufficient completely to alter the nature of the 
effect. Consequently tests can be successfully made only with blood 
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Table I. — The Action or Toltjidin Blue Saline Solution on Blood- of 

VARIOUS C.Ts. SHOWN AS CHANGE, IN MlNUTES, FROM CONTROL. 


B.C.T. of specimens 
in minutes. 

D 

n- 

8b 

9b 


Amount of Toluidin f 1 
Blue in parts per -J 2 
mill, of blood. 1 3 

+ 4£ 

+ 21 
+ 1* 

+ 3 

+ 2 

0 

- i 

- i 

-H 

-3 

-4 

| Change in mins, 
from control. 


from persons as free as possible from tension of mind and body and free 
from injuries. 

3 parts per mill, bas a much greater action than that of 12-25 parts 
per mill., but the greatest action is given by 1 part per mill. This is the 


CHART OF MAXIMUM HEPARIN EFFECTS ON B CT 



Trm S —Maximum effects of heparin, in strengths of I }, 2|, 3| r 5, and ?£ parts per 
Fig. 3. Ma m * mon of b i 00 df on blood of various clotting times. 
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concentration displaying the maximum “irregular sequence” effect to 
which we make further reference when considering the action of heparin. 

The behaviour of Tol. Blue suggests that higher clotting. times are 
connected with a higher concentration of acidic substances in the blood. 
This is supported by the work of Lowndes Yates [1928], who found that 
long B.C.Ts, could be shortened by the ingestion of sodium bicarbonate 
until the urine became alkaline. 

Heparin . — Using the same method we have investigated the action 
of heparin in strengths of parts per mill, and less. (The heparin was 
obtained from B.D.H. and was 111 Toronto units per mg.) Maximum 
results on normal people are shown in fig. 3. The effects on C.T. of 



PARTS PER MILLION OF HEPARIN IN BLOOD. 



CONTROL CLOTTING TIMES IN MINUTES. 

Fia. 4. — Part A. Tho action, on. blood, of minutes C.T., of heparin in strengths 
from 0*6 to 0*07 parts per million of blood. 

Part B. Tho action on blood, of various clotting times, of heparin in the 
one strength of 0*07 part per million of blood. 

In these tests saline was used as tho heparin solvent and for the control samples. 
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Table X. — The Action of Toldimn Blue Saline Solution on Blood of 
various C.Ts. shown as Change, in Minutes, from Control. 



B.C.T. of specimens 
in minutes. 

a 

7*. 

H- 

i 

Amount of Toluidin ( 1 
Blue in parts per< 2 
mil], of blood. 1 3 

4- 4J 

4* 2^ 

+lf 

+ 3 
+ if 

4- 2 

o 

i i 


from persons as free as possible from tension of mind and body and free 
from injuries. 

3 parts per mill, bas a much greater action than that of 12-25 parts 
per mill., but the greatest action is given by 1 part per mill. This is the 

CHART OF MAXIMUM HEPARIN EFFECTS ON BCT 



B-CT. OP CONTROL SPECIMENS IN MINUTES. 


Maximum effects of heparin, in strengths of 1J, 2}, 3J, 5 , and 7J parts per 
million of blood, on blood of various clotting times. 
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if heparin is added to blood naturally clotting at 8 minutes or oyer 
(always omitting blood affected by trauma) then the result is a shortening 



of C.T. This shows that the variations in C.T. found in trauma-free 
people are not caused by varying amounts of heparin but by some other 
factor. 

In fig. 6 are given in detail the nil -TO-liipli fior 3 ie "hncori T7.o nli 
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different quantities of heparin are not in direct proportion to the 
amounts used. They are considered in more detail below. 

Fischer [1931] using fluids other than fresh blood has shown that 
very small amounts of heparin may exert a more powerful effect than 
somewhat larger quantities. Heparin tests in quantities of 0-6, 03, 
-0'15, and 0-07 parts per mill, show that the “irregular sequence” effect 
is at a maximum around 0-3 parts per mill. Maximum effects are 
shown in fig. 4 (1 part of heparin combines with 4-1 parts Tol. Blue 



Pig. 5. — The action on blood, of 5J minutes C,T,, of heparin in strengths from 
7*5 to 0-07 parts per million of blood. 

[Jaques, 1943]). The quantities showing the “irregular sequence” 
effect are thus approximately chemically equivalent. 

The action on blood of 5-| minutes C.T., of heparin in quantities from 
71 parts per mill, downwards is shown in fig. 5. 

It will be seen that the action of heparin and of Tol. Blue is similar 
in that both substances cause a lengthening of short clotting times and 
a shortening of lengthy ones, but that there is a marked difference in the 
detailed shape of their activity curves. 

As shown in fig. 3, blood of any lower C.T. may be made to clot 
at 8 minutes or over by the addition of a suitable amount of heparin. 
Addition of a further amount of heparin raises the C.T. still higher, but 
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blood on which it is acting, and the scatter is similar to that given by 
heparin. 

In mixtures of heparin and Cklorazol F. Pink, Cklorazol F. Pink 
augments the action of heparin. 


x The Trauma Discharges. 

We have used a prick for the dual purpose of withdrawing a specimen 
of blood and also for inflicting the trauma. The effect of the trauma has 
been measured by comparing the C.T. of the control sample of blood 
thus obtained with another sample taken subsequently. During the 
interval changes may have occurred due to causes other than trauma, 
but we have found such changes to have generally a negligible effect. , 
The first prick dominates the chain of changes. 

The first specimen, i.e. the control, may be taken from any convenient 
part of the body, usually a finger or toe. The second specimen may be 
obtained from any part of the body but should not be taken from the 
same digit as the control. To do so would introduce difficulties the 
nature of which will appear later. The changes observed, though 
differing in amount, are of the same type whether the blood specimens are 
taken from different fingers of the same hand, from the two hands or 
from a hand and foot, and are therefore changes in the circulating blood. 
We find that the nature of the effect is dependent on the C.T. of the 
control specimen. The type of change shown in fig. 1 is constantly found 
where the control C.T. is below 7 minutes, but where the control C.T. 
exceeds 8 minutes only a fall in C.T. usually results. In an experiment 
such as shown in fig. 1 the course of the rise in C.T. may be altered by 
reason of there being a number of pricks, but the changes occurring are 
actually initiated by the first prick of the series. 

The lowest readings, found in 55 experiments made similarly to that 
represented in fig. 1, are shown in fig. 7. These correspond to Discharge A 
and are usually recorded within 4 minutes of the start of the experi- 
ment, The highest readings, in the same 55 experiments, are shown in 
fig. 8 and are usually recorded within S minutes of the start of the 
experiment. All the values shown in both charts were recorded within 
10 minutes of making the first prick. 

It will he seen that, in fig. 7, Discharge A gives an almost straight 
line of maximum effect which corresponds to the reduction of C.T. to 
around 5 minutes from all higher values. One test was obtained on 
blood of minutes control time and one on blood of 4 minutes control 
time and in neither was a shortening of C.T. recorded (fig. 7, B). The 
inference is that Discharge A, on these qualities of blood, causes an 
increase, not a decrease in C.T., and hence its effect merges into that of 
Discharge B. Further discussion of Discharge A is given later. 

The principal feature of the Discharge B graph is that there is a 
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dot represents one test. The most prominent feature of the charts is 
the scatter. In each case this is wide and yet compact where the action 
of heparin causes a lengthening of C.T., while where the C.T. is shortened 
the band of scatter is much narrower. (The number. of tests shown here 
is much smaller because of the relative scarcity of blood of long C.T.) 
This suggests that the scatter has a definite significance. 

Using blood of 5-minute control time as a standard of comparison, 
since this is the blood on which most numerous readings are available, 
and on which heparin exerts its maximum effect, the particulars in 
Table II are obtained. 


Table II. 


Taken from Fig. 6’ 

Taken from 'Fig. 5. 

Amount of heparin required to give 
these effects on C.Ts, of 5£ minutes. 

With 2h parts of heparin (fig. 6) — ( 

Maximum rise in C.T., 7 min. j 

Lower limit of scatter, 1J min. J 

Approx. 2' 4 parts per mill, of heparin 
from the lower to the higher limit of sea 

2«5 parts per mill. 

0*1 part per mill, approx. 

would thus be required to raise the C.T. 
tter. 


If comparisons are made on the other parts of the charts similar 
results are obtained. In fig. 6, with parts per mill, of heparin, the 
area of scatter extends down to the line of zero activity, and corre- 
sponds with the zone free from scatter with 3 f parts per mill. 

These findings lead us to the view that the scatter is caused by the 
occurrence in the blood, in varying quantities, of a substance or sub- 
stances which neutralise the effect of heparin on C.T. 

The presence of the anti-heparin bodies throws some light on the 
results shown on each chart around 7- to S-minute controls. Here 
some tests show an increase, others a decrease. The lack of definition 
in the point of zero activity is shown to arise from wide variations in 
the amount of heparin which is actually affecting the C.T. With (M5 
part per mill, of heparin the point of zero activity is with blood of 
minutes C.T., while with 2& parts per mill, it is above S minutes C.T. 
The fact that there is no comparable scatter effect with Tol. Blue 
suggests that the anti-heparin substance or substances are of a chemically 

basic type (c/. fig. 2). , 

Action of Ghlorazol F. Pink . — Over 40 tests of the action of this acidic 
anticoagulant show that when used in quantities of 60-150 parts per 
mill, its effect is comparable with, though not exactly parallel with, that 
of heparin. It. lengthens or shortens C.T. according to the C.T. of the 
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marked increase in C.T. where the control is 7^ minutes or less, but 
with controls of 9 minutes or over there is a definite shortening of 
effect. 

On comparing fig. 8 with fig. 6, which gives the effect of l\ parts 
per mill, of heparin, points of similarity may be observed as follows : — 

1. The general shape of the two curves is the same. 

2. Using the 5|-minute control column of readings for comparison* 

as was done with different quantities of heparin, we find the 
heparin readings show a maximum of minutes, while the 
Discharge B readings rise to 5 minutes. 

3. When considering the action of differing quantities of heparin, it 

was observed that the scatter results indicated the presence of 
anti-heparin factors in the blood. The depth and distribution 
of the scatter is the same in the trauma chart, fig. 8, and the 
' chart showing the effect of 1 J parts per mill, of heparin, fig. 6. 

When discussing the effect of heparin we have mentioned the difficulty 
of determining the exact point of the zero activity of any given quantity 
of heparin owing to the effects of the presence of the anti-heparin 
substances. The same blurred effect is seen on the chart of the Dis- 
charge B activity; in the 8f -minute control column the readings are 
distributed between -1J minutes and +4 minutes. There is thus a 
very marked similarity between the two graphs. 

The Nature of Discharge B . — It is well known that heparin in the 
blood will react with Tol. Blue. When the amount present is large an 
estimate of the quantity can be made by this means. When the amount 
is small the C.T. no longer varies directly in proportion to the neutralisa- 
tion of the heparin. This is because of the complex nature of the action 
of Tol. Blue on the blood. But although its amount is difficult to 
estimate by this method its presence causes a noticeable effect. We 
have applied this test to blood after trauma. 

Blood from a first prick is tested with Tol. Blue in three different 
dilutions, while to another portion of the same specimen only water is 
added. Blood from a later prick is treated similarly. The changes 
produced by the Tol. Blue on the blood from the first prick are compared 
with those produced from the second prick. The difference between 
the two sets is due to a change in the quality of the blood between the 
two pricks. 

In Experiment 426, Table III, the rise of 3 minutes in C.T, from the 
first to the second prick suggests a relatively large inflow of an anti- 
coagulant. Reference to the Tol. Blue charts suggests that the effects 
shown by the Tol. Blue are those of 1, 4, and 8 parts per mill. This 
means that the anticoagulant has combined with 10 to 11 parts of the 
dye, and is in harmony with the view that it is a heparin-like substance. 
Experiments are only rarely obtained in which the natural inflow of the 
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{WITH TOURNIQUET ON FINGERS). 



INITIAL BC.T (CONTROL B.C.T.) IN MINUTES. 


Fig. 7. — Showing the scatter and maximum effects of Discharge A when (A) 
the trauma is a simple prick to the finger and (B) when the prick trauma is aug- 
mented by the application of a tourniquet. Each cross represents one test. No 
test is shown on bloods with C.T. below 44 minutes, as the effect of Discharge A 
is to lengthen the C.T. of blood clotting in less than 5 minutes. 



CLOTTING TIMES Of INfTMl {CONTROL} SAMPLES IN MINUTES, 


r c The scatter and maximum effects of Discharge B plotted similarly to the 
* Discharge A and the heparin scatter charts. 



279 


The Relationship of Heparin to Trauma 

that blood of 8 minutes C'.T., or. higher, may have that figure as its 
true basic clotting time, or that it could be attained by the addition of 
heparin to blood of lower basic clotting time. If to blood of the, first 
type there be added 1£ to 2| parts per mill, of heparin there would be 
a fall in C.T., while if added to blood of the second type the C.T. will be 
lengthened. In our experiments, where the effect of trauma had raised 
the C.T. to over 8 minutes, we found that the addition of heparin raised 

the C.T. still further. x 

We therefore conclude that Discharge B is heparin or a heparin-like 
substance. 

The Duration of Discharge B — We have so far only considered the 
course of events during a period not exceeding 10 minutes from the 


EXP. 367. 

11 / 11^3 



Fig. 9.— The details of this experiment are similar to those of fig. 3, but this 
experiment is over a longer period and shows two rises in C.T. 


making of the first prick. Referring again to fig, 1, it mil be seen that 
after reaching a peak at the ninth minute the C.T, falls, reaching its 
lowest point at the fifteenth minute. The last test given, at the 
sixteenth minute, shows it rising again. In fig. 9 is given the result of 
a test in which, at the eighteenth minute, the C.T. has risen to a peak 
for the second time. We find this to be the usual type of effect, though 
these two examples have been specially selected because they show the 
effect of the two discharges in a particularly clear manner. 

It thus appears that Discharge B does not enter the blood con- 
tinuously throughout the period of the infliction of trauma. It comes/ 
instead, in a series of intermittent flows, between each of which the 
C.T. decreases. We have tried to ascertain the length of time elapsing 
before the effects of a prick cease to be discernible, and for this purpose 
have made use of added heparin. As long as Discharge B is present 
the amount of free anti-heparin substances should be lower than before 
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Table III. , 


Expfc, £To. 

B.C.T. of control. 

1 Amount of ToL Blue in parts per mill, 
j of blood. 

12. 

15. 

18}. 

426 

2nd prick, 8 min. 

1st ,, 5 ,, 

! Difference 3 „ 

B.CH 
10 J min. 

H „ 

\ of treated spec 
S min. 

7 „ 

imens . 

54 min, 

,#i „ 

430 

2nd prick, 5 min. 

1st ,, 5 ,, 

i 

Difference 0 „ 

5i min. 

4 » 

H 

44 min . 

5“ „ 



1. 

2, 

3. 

570 

2nd prick, 84 min. 

1st „ 7$ „ 

B.C.T. 
7} min. 

m „ 

of treated spech 
74 min. 

91 „ 

nens. 

7} min. 

04 „ 

Difference 1 „ 


anticoagulant so nearly matches the amount of Toh Blue used in the 
example, but we have many results which are in close agreement with it. 

In Experiment 430, Table III, there is no difference between the two 
controls, suggesting that there is no trauma discharge. (This subject 
was tested on a number of occasions and regularly gave the same result.) 
The ToL Blue action in both series gave the same results, confirming this 
view. In Experiment 570, Table III, the difference of one minute 
between the controls corresponds to that which would be given by about 
2 parts per mill, of heparin. Examining the findings from the first prick 
one sees the results of the action of the ToL Blue to be in accordance with 
expectations as shown by Table L If 2 parts of heparin were acting 
with 1, 2, and 3 parts of ToL Blue the whole of the dye would bo neutral- 
ised, leaving an excess of heparin. The C.T. observed is in accordance 
with this view. 

We have tested the effect of Chlorazol F. Pink on the trauma Dis- 
charge B. We have made 8 tests, and in each case the G.T. was altered 
in the same way as we found was produced by mixtures of heparin and 


Chlorazol F. Pink. 

The Action of Added Heparin.— We have found, as 


indicated earlier 
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heparin per kilo of ox blood* This is equal to 0*6 part per mill, of 
heparin (111 Toronto units per mg.). This quantity is very much 
smaller than is contained in any of the organs except the thymus, 
and is in close agreement with the quantity of Discharge B expected. 
We feel that this finding gives additional support to the view that - 
Discharge B is of a heparin nature. 

When heparin enters the blood much of it will be neutralised by 
Discharge A and by the anti-heparin bodies normally present. According 
to the Mass Law the amount of heparin entering into combination will 
vary according to the relative proportions of the heparin present and 
the substances with which it combines. It follows that the differences in 
C.T. are not a guide to the amount of heparin present unless the amount 
of anti-heparin substances is known. In attempting to estimate the 
amount of heparin present as Discharge B we have partially overcome 
this difficulty as follows : 1 \ parts per mill, of heparin are added to blood 
from a first prick and also to blood obtained some minutes later, the 
C.T. of each sample being recorded and also that of further parts of the 
same specimens without the addition of heparin. The four specimens 
are: (a) The blood from the first prick without heparin serves as control. 
(6) The first prick blood plus heparin gives a measure of the amount of 
anti-heparin substances present, (c) The second prick sample without 
heparin gives the ordinary trauma rise in C.T., but is not needed in the 
calculation, (d) The second prick sample plus heparin gives the com- 
bined effects of the Discharge B and the added heparin less the amount 
used in neutralising Discharge A and the anti-heparin substances. From 
our file particulars are selected of a test showing as nearly as possible the 
same control as (a), the same effect on addition of 1^ parts per mill, of 
heparin as specimen (6), and in addition the effects of and 3f parts 
per mill, of heparin. On Comparing the C.T. of specimen (d) with the 
effects of 2\ and 3f parts per mill, of heparin, the amount of heparin 
present as Discharge B can be estimated, but the value thus obtained 
' will always be slightly low since no allowance has been made for the 
heparin neutralised by Discharge A. Later we give reason for thinking 
that the amount neutralised by Discharge A is small. Results obtained 
are shown in Table V. 

In Expt. 509, Table V, the effect on C.T. of 1J parts per mill, of 
heparin was only + 10 minutes, whereas in the test under discussion 
the effect was 12 minutes. Hence the blood in Expt. 509 contained 
slightly more anti-heparin substances and a valuation based solely on it 
would be somewhat too high. It gives the amount of heparin necessary 
to produce a rise of 4J minutes as about 3£ parts per mill., and so the 
amount present as Discharge B as 2 parts per mill. Using Expt. 514 
similarly corrections have to be made because (a) the control is Co- 
mmutes instead of 5 minutes, and (b) the addition of parts per mill, of 
heparin lengthens C.T. by 2 minutes instead of If minutes as in the 
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it entered the blood, and consequently the effect of added heparin 
should be greater. The effects of such additions of heparin are given 
iix Table IV. In each of the tests shown heparin was added to the 


Table IV. 


* Expt. 

Lapse of time in. minutes. 













No. 

0. 

5. 

10. 

15. 

20. 

25. 

30. 

35. 

*40. 

45. 

50. 

55. 

, 439 

100 

190 





89 






406 

100 


236 

124 


96 







' 438 j 

100 


126 


28 




a [iif 




459 

0 


12 











0 


24 










487 

10 0 



111 




t 


1 




100 




293 







♦ 

488 











160 






85 




S9 




90 

1 


Variations in lieparin activity (calculated as a percentage of that sliovm by the 
first prick) with iapse of time. 


blood from a series of pricks. The effect produced on each specimen of 
the series was calculated as a percentage of the effect produced on the 
first specimen of the series, except in Experiments 459 and 466 in which 
the first reading was nil; in these cases the second test is given as a 
percentage of the maximum activity. 

The Discharge B effect is at a maximum after an interval of about 
8 minutes between pricks and thereafter it diminishes. It has usually 
died away by the sixteenth minute, but in two exceptional cases it still 
shows, at a considerable level, after 20 minutes and 50 minutes re- 
spectively. Experiments 439, 438, and 492 show that where the effect 
of trauma has died away the effect of the added heparin reverts to the 


original level. 

The Amount of Heparin as Discharge B. — When a large quantity of 
blood has been taken from an animal for an assay it may be assumed 
that the animal received appreciable injury. Discharge B should thus 
be present in the later stages of the flow, and become mixed in the 

specimen as a whole. . „ 

We have not fully investigated the amount of Discharge B following 
maior trauma, but the results of a number of experiments on animals 
' foot described here) lead us to the view that it may not differ greatly 
from that shown following a skin puncture. The amount in a large 
sample of animal blood should thus be small, probably less than 2 to 2i 
*7 „ ;11 which we calculate below to be present in blood at the 

1 JLcfmum flow after the initial prick. Charles and Scott (1<®J 
Tan asSy “the he^rin content of carious or 6 .ns, found CO units of 
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Table VI. 


Expt. No. 

Time of 
prick. 

C.T. of specimens in minutes. 

Change in C.T. 
in minutes. 

439' 

Zero 

4 min. 

A 6 B 84 1 

C 64 D 10J 

Prom A to B 23- 
Prom A to D 44 


Comparable test: — 


Expt, 

No. 

Control C.T. 
in minutes. 

Minutes of change produced by heparin in quantities 
shown as parts per mill. 

509 

53 

11 parts. 

24 parts. 

3J parts. 

+ 2J- 

+ 5} 

4* 84 


made on blood clotting originally in 5 minutes, but whereas the first 
rose to 5J- minutes after trauma, the second rose to 8 minutes. In spite 
of this the different methods used point to approximately the same 
figure for the total amount of heparin present in each case. Expt. 439, 
Table VI, shows more than 1J parts per mill, after an interval of only 

4 minutes. 

The observed changes in G.T, provide a guide to the amount of 
free heparin present. In Expt. 426, Table III, the observed increase in 
C.T. is from 5 to 8 minutes, corresponding to the effect of between 0*3 
and 0*6 parts per mill, of heparin. In Expt, 406, Table V, the change 
is from 5 to §\ minutes, corresponding to the effect of 0*1 part per mill, 
of heparin. In Expt. 439, Table VI, the change is from 6 to 6J- minutes, 
corresponding to the effect of 0* 1 part per mill, of heparin. Examination 
of fig. 8 shows that only rarely does the amount of free heparin exceed 
0*8 part and that usually it lies between 0*1 and 0*8 parts per mill. In 
Expts, 406 and 439, Tables V and VI, the free heparin is approximately 

5 per cent., and in Expt. 426, Table III, between 5 per cent, and 25 per 
cent, of the total present. These amounts are so small that they 
suggest the excess which would be required to prevent dissociation of 
a heparin compound. It would appear that the main function of the 
Discharge B is not to affect the clotting time so much as to combine with 
some other substance or substances. 

Afec/ianism of Discharge, B . — When the circulation to a finger or toe 
was occluded by a tourniquet (elastic band or pneumatic cuff) and then 
trauma produced, it was found (57 experiments) that the rise in C.T. is 
greater on the side of the body remote from the injury and least near the 
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Tabije V. 


Expt. 
No . 

Time of 
prick. 

C.T. of specimens in minutes. 

Change in C.T. 
in minutes. 

406 

Zero 

8 min. 

A (Control) 5 B( 4* heparin) 6f 

C (Effect of D (Trauma effect 

trauma) 4 * heparin) 

! From A to B If 
! From A to D 4} 


From the files two comparable tests are available as follows : — 


Expt. 

No. 

Control C.T. 
in minutes. 

Minutes of change produced by heparin in quantities 
shown as parts per mill. 



11 parts. 

24 parts. 

3f parts. 

509 

5 

+ H 

+ 3 

4* 5 

514 

* 

4-2 

+ 31 

4*6} 


specimen under test. The corrections are thus in opposite directions* 
approximately cancel out, and we arrive at the figure of If parts per 
mill, as the amount of heparin present as Discharge B. The two 
amounts given are thus in good agreement but, as already stated, no 
allowance has been made for heparin neutralised by Discharge A. 
Other calculations made by the same method give results varying from 


If to 3 parts per mill, of heparin. 

The same method applied to blood specimens obtained at an interval 
of only 4 minutes gave results shown in Table VI. 

We have also endeavoured to ascertain the amount of heparin by 
means of Tol, Blue. The heparin-Toh Blue compound is known to be 
of low solubility, hence the addition of Tol. Blue to blood containing free 
and combined heparin will lead to the formation of heparin~Tol. Blue 


complex in preference to any other more soluble heparin compound. 
This will be followed by the dissociation of the anti-heparin-heparin 
compound, and freed heparin Trill combine with further Tol. Blue. 
Ultimately the greater part, possibly the whole, of the heparin will 
combine with the Tol. Blue. The use of Tol. Blue should thus make 
possible an estimate of the whole of the heparin present, whether free 
or combined, provided an indication of the end of the reaction can be 
obtained. This is supplied when the combination of Tol. Blue proceeds 
to the point at which the “irregular sequence” effect can be recognised. 
Exnt 426 Table III, shows this effect, and the data given correspond to 
ihJ presence in the blood of approximately 2i parts per mill of free and 

***•■ 406 “- d 4M ' Tab,e * v und m - "■ ore b ° th 
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The effect of adrenalin hydrochloride on human blood in vitro was 
examined by adding it in quantities to give final concentrations of 1 in 6 
millions down to 1 in 40 millions. It was found that all blood, whatever 
its initial G.T., and whatever the quantity of adrenalin witkinthe limits 
quoted, was made to clot in 5 minutes. In this respect the action of 
adrenalin is similar to that of Tol. Blue and also to Discharge A. 

Adrenalin hydrochloride (1: 1000) has been injected subcutaneously, 
in doses ranging from to 7 minims into nine apparently normal human 
subjects. The subcutaneous injection of adrenalin is painful and hence 
will cause the release of considerable Discharge A. Any effect in other 
directions will thus have superimposed upon it the effect of this Dis- 
charge A. The changes in C.T. were consistent with the presence of 
adrenalin or with Discharge A in amounts larger than found in our other 
experiments. In none of these cases did the C.T. suggest the presence 
of Discharge B in abnormal amounts. The only subject tested with 
7 minims of the solution gave a specimen which on addition of heparin 
produced an abnormally long C.T. The cause of this is not understood, 
but it suggests that adrenalin is in some way concerned with the action 
of heparin in the body. 

Discharge A . — If a second prick be made within 30 seconds of 
the taking of a control specimen, and in the same area, the effect of 


Tabus VII. 


Expt. 

No. 

B.C.T., in minutes, of initial 
prick. 

B.C.T., in minutes, of 2nd prick 
after an interval of 4 to 5 minutes. 

.. . _ _ _ 

Control. 

+ 2£ parts of 
heparin. 

Control. 

+ 2 J parts of 
heparin. 

419 

5i 

12 

4* 

* m 

497 

5* 

11J 

5 

Of 

539 

7£ 

6 

54 ! 

8 

525 

44 

6 

4£ , 

i 

5 


Note. — Expt. 525 exhibits the lengthening effect on C.T. of Discharge A when 
it acts on blood with a C.T. less than 5 minutes. 


Discharge A will not be observed, but if the second test be made 
after a slightly longer interval, say one minute, it may be found. It 
is usually observed most readily after about 4 minutes. 

The changes in C.T. suggest that either Discharge B merely follows 
Discharge A, or alternatively, that the two neutralise each other. If 
neutralisation occurs, then an addition of heparin to blood containing 
Discharge A should produce less effect than on the same blood prior to 
t e entry of the Discharge A. The results of tests of this kind were as 
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point of injury where presumably Discharge A is higher. If the first 
prick be made in a finger or toe shut off from the general circulation the 
same general rise in C.T. occurs as when no tourniquet is present. The 
blood samples taken after the initial prick from fingers or toes which 
were shut off by tourniquets showed a rise in C.T. sometimes exceeding 
that found outside the tourniquet areas (fig. 11). We therefore believe 
that Discharge B is produced remotely from the initial prick by nerve 
action and not by the diffusion of substances from the traumatised area, 
and also that the discharge can be produced by nerve action in the 
tissues at the ends of the fingers or toes. 

In these experiments the internal temperature would be normal, 
but it is a constant finding that when the skin surface is relatively cold 
the amount of Discharge B is small or does not appear at all. We infer 
that with the trauma used, the skin is the chief source of Discharge B. 



EXPERIMENT TIME IN MINUTES. 



EXPERIMENT TIME IN MINUTES 

Fig. 10.— 1 The effect of intravenous injections of adrenalin and pilocarpin on two rabbits. 
Normal C.T. changes are shown in the beginning of each experiment. 


The foregoing experiments made it desirable to examine the effect 
on B.C.T. of stimulating the sympathetic and the parasj r mpathetic 
autonomic nervous systems, and also the direct effect of acetylcholine 
and adrenalin on blood in vitro . The fact that the production of 
Discharge B is a general and not a regional effect suggests that adrenalin 


might be the chemical mediator involved. 

Six rabbits were given i.v. injections of adrenalin and six others were 
given pilocarpin similarly. Blood was taken from the ear veins. In 
two cases there was a marked trauma effect due to the withdrawal of 
the blood and in these the adrenalin did not cause much change in 
B C T. In the other adrenalin experiments the results are illustrated 
by Expt. 30, fig. 10. Here the tracing during the first ten minutes is 
fairly typical of results obtained in a quiet rabbit. Following the 
infection of adrenalin there is a marked and sustained rise in B.C.T. 
resembling the effect of Discharge B described in this paper. In the 
pilocarpin experiments violent oscillations in C.T. occurred, but it does 
not give the same sustained rise as adrenalin. 
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The effect of adrenalin hydrochloride on human blood in vitro was 
examined by adding it in quantities to give final concentrations of 1 in 6 
millions down to 1 in 40 millions. It was found that all blood, whatever 
its initial C.T., and whatever the quantity of adrenalin within'the limits 
quoted, was made to clot in 5 minutes. In this respect the action of 
adrenalin is similar to that of Tol. Blue and also to Discharge A. 

Adrenalin hydrochloride (1: 1000) has been injected subcutaneously, 
in doses ranging from l- to 7 minims into nine apparently normal human 
subjects. The subcutaneous injection of adrenalin is painful and hence 
will cause the release of considerable Discharge A. Any effect in other 
directions will thus have superimposed upon it the effect of this Dis- 
charge A. The changes in C.T. were consistent with the presence of 
adrenalin or with Discharge A in amounts larger than found in our other 
experiments. In none of these cases did the C.T. suggest the presence 
of Discharge B in abnormal amounts. The only subject tested with 
7 minims of the solution gave a specimen which on addition of heparin 
produced an abnormally long C.T. The cause of this is not understood, 
but it suggests that adrenalin is in some way concerned with the action 
of heparin in the body. 

Discharge A. — If a second prick be made within 30 seconds of 
the taking of a control specimen, and in the same area, the effect of 


Table VII. 


Expt. 

No. 

B.C.T., in minutes, of initial 
prick. 

B.C.T., in minutes, of 2nd prick 
after an interval of 4 to 5 minutes. 

Control. 

-f 2 J parts of 
heparin. 

Control. 

-f 24 parts of 
heparin. 

419 

54 

12 

44 

* 10* 

497 


114 

5 

9f 

539 

71 

6 

51 

8 

525 

44 

6 

| 4f 

i t 

5 


Note . — Expt. 525 exhibits the lengthening effect on C.T. of Discharge A when 
it acts on blood with a C.T. less than 5 minutes. 


Discharge A will not be observed, but if the second test be made 
after a slightly longer interval, say one minute, it may he found. It 
is usually observed most readily after about 4 minutes. 

The changes in C.T. suggest that either Discharge B merely follows 
Discharge A, or alternatively, that the two neutralise each other. If 
neutralisation occurs, then an addition of heparin to blood containing 
Discharge A should produce less effect than on the same blood prior to 
the entry of the Discharge A. The results of tests of this kind were as 
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shown in Table VII. In each experiment at th6 time of the second prick 
there was a preponderance of Discharge A, and in each case part of 
the heparin has been neutralised. The effect on the C.T. of blood free 
from heparin may be very marked, as in Expt. 539, but the change when 
heparin is present is small. This indicates (a) that Discharge A and 
heparin do neutralise each other, and (b) that the amount of Discharge A 
released in these experiments is small compared with that needed fully to 
neutralise either 2i parts per mill, of added heparin, or the Discharge B. 

By means of the fall in C.T. and the effect of heparin addition the 
distribution of Discharge A in the body may be examined. An initial 
prick was made on a thumb. After minutes the same thumb was 
pricked again and simultaneously a finger on the same hand was pricked. 
To part of each specimen heparin was added with results of which 
examples are given in Table VIII. It will be seen that (a) the C.T. of 


Table Fill . 



2nd prick to thumb. 

/ Prick on other finger. 

Time of prick. 

Control. 

+ Heparin 

21 parts per 
mill. 

Control. 

+ Heparin 
parts. 

4J min. after 

- 

5 \ min. C.T. 

7} min. C.T. 

5i min. C.T. 

9 ipin. C.T. 

first prick. 

fi 

6 „ 

8J „ „ 

GJ „ „ 

13* „ „ 


the control is lower from the thumb which had been previously 7 pricked, 
and (6) more heparin has been neutralised in the specimens from the 
same thumb. 

Fig. 1 1 gives the results of two experiments in which the initial pricks 
have been made to the left thumbs and tourniquets applied to the middle 
fingers of the same hands to increase the Discharge A effect. (Tins 
effect with the tourniquets is dealt with below.) The normal rise due 
to trauma appears on the right hands, but, with one exception, it is less 
in the fingers of the left hands. This exception occurs where a tourniquet 
has been applied. Experiments, of which these are typical, lead us to the 
view that Discharge A is produced locally at or near the site of the trauma 
and then enters the general circulation. The higher C.T. inside the 
tourniquet area results from the non-entry of the Discharge A, while 
the nervous mechanism releases Discharge B in that area in the same way 

as in the rest of the body. , . 

Effect of Tourniquets . — We have made 25 tests m which a tourniquet 
was applied to the finger to be pricked and then released immediately 
















287 


The Belationship of Heparin to Trauma 

after the prick. In 20 of these the maximum rise in O.T. shown by 
subsequent pricks to other fingers of the same hand was U- minutes 
(compare with fig. 8). In 12 similar tests in which the tourniquet was 
applied to the digit adjoining that first pricked the maximum subsequent 
rise was 1$ minutes. These results indicate that increase in the amount 


INDEX TO SYMBOLS. 
EXP. 343. » 



Fig. 11. — Two experiments showing that the effect of Discharge B is less in. the 
hand subjected to the initial trauma, and which also has a finger tourniquet on it, 
than on the other side of tho body. 


of trauma leads to increase in the amount of Discharge A, but suggest 
that the amount of Discharge B does not increase in proportion. 

We have made tests to determine the lowest point to which the C*T. 
can be reduced by Discharge A. Whether the trauma is increased by 
pricks or by the application of a tourniquet the maximum effect remains 
the same as given in fig. 7. Discharge A, though it reduces C.T., is not 
a coagulant. 

We find that a similar action on C.T. is given by adrenalin and a 
preparation of histamine base. The action of Tol. Blue we have already 
described. This similarity suggests that Discharge A is a chemically 
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basic substance, a view which is supported by its interaction with 
heparin. 


Discussion. 

The effects of a prick have been previously investigated by Lewis 
[1927], who found that "H” substance was produced. This may be 
identical with Discharge A, but we have not proved this. Numerous 
other workers have investigated the effects of trauma and, though their 
findings vary, it has been held that histamine, adrenalin, and protein 
decomposition products are instrumental in causing shock. We have 
shown that Discharge A, histamine, and adrenalin all combine with 
heparin, and it is to be expected that heparin will also combine with any 
other similarly basic substance which may occur in the blood [Fischer, 
1935]. If, then, shock be due to a substance or substances of the type 
mentioned, Discharge B will have an anti-shock function. The fact that 
it is found only when the skin is warm supports this. 

The minimum dose of heparin has been stated by Jorpes [1939] to 
be 0*25 mg. per kilo of body-weight, i.e. approx. 2*5 parts per mill, in 
the blood. We have shown that an effect may be produced by quantities 
as small as 0*07 part per mill., but since neutralisation of up to 2*4 
parts per mill, may occur, the minimum effective dose must not be less 
than this amount. When the initial C.T. of the blood exceeds 8 minutes 
the amount required will be considerably more (see fig. 3). 


SUMMABY. 

1. It has been shown that the effect on B.C.T. of anticoagulants and 
other substances, when used in the quantities employed in this work, 
is dependent on the original C.T. of the blood to which they are added. 

2. The effects on blood, in vitro, of heparin and Toluidin Blue have 
been examined in detail; tests have also been made with Chlorazol Fast 
Pink, adrenalin, and histamine preparations. 

3. Reason has been given for the view that heparin is not ordinarily 
present in the blood. A principle, which is not heparin, has been shown 
to exist in the blood which can result in wide variations in B.C.T. 

4. The amount of anti-heparin substances in the blood has been 

investigated. . _ , . 

5. The effects of trauma have been shown to include the presence 
in the blood of two substances which affect B.C.T. and which have been 

referred to as Discharges A and B. 

6 Discharge A is produced locally and probably regionally, and is 
a chemically basic substance. Its effect on B.C.T. is to reduce it to 
5 minutes, but not lower. 

7 Discharge B is produced generally, and is of the nature of hepnnn. 
It combines with Discharge A, and its flow is intermittent. 
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8. The view is advanced that, if Discharge A is a shock-producing 
substance, then Discharge B is the natural antidote to it. 

We are indebted for assistance in this work to. many people. Our 
thanks are offered in particular to Profs. Durward and Hemingway, of 
Leeds Medical School, who have been helpful in many ways; to Prof. 
D. Burns, in connection with whose department in Newcastle-upon- 
Tyne this work has been done, who has granted facilities there when 
needed, and whose advice, keen interest, and encouragement have been 
of much value ; to the Medical Research Council and to the Beaverbrook 
Fund of King’s College Medical School, a grant from each of which, to 
S. B. S., made possible the earlier stages of this work, and to the 
Research Fund Committee of King’s College for a grant to S. B. S.; 
and finally to the large number of people of Ossett, Yorks, who have 
very kindly supplied blood. 
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CONGESTIVE ATELECTASIS IN LUNGS OF RABBITS AND 
OTHER ANIMALS SUBJECTED TO THE ACTION OF 
LOW BAROMETRIC PRESSURE. By J. Fegler and Jean 
Banister. From the Department of Physiology, University of 
Edinburgh, and Polish School of Medicine, Edinburgh. 

(Received far publication 24 th Augttst 1945.) 


Withxk the last hundred years many workers have described patho- 
logical changes found on post-mortem examination of the lungs of 
mammals subjected to conditions of low barometric pressure. P. Bert 
[1878], Spehl and Desguin [1909], Heger and de Meyer [1912], Bayeaux 
[1925, 1927], Campbell [1927], Rosin [1927], Schubert [1930], Hurtado 
[1932, 1934], Piery et al. [1939] observed lung congestion, haemorrhage, 
oedema, and emphysema of varying degrees. 

Paul Bert studied lung changes in many species after exposure 
to pressures between 160 and 45 mm. Hg, the decompressions being 
rapid (3-4 min.). His descriptions of these changes are the clearest and 
most careful of those recorded by workers in this field. He reported 
instances of hypenemia, and of haemorrhage though these occurred less 
often, which he considered were not specific for the action of low baro- 
metric pressure because similar changes in the lungs were found in 
animals dying from simple asphyxia. He also confirmed the observa- 
tion of earlier workers that the lungs of some animals dying as a result 
of decompression showed large red patches on their surfaces, sank in 
water but expanded completely when insufflated. He likened this 
state to that of the foetal lung and attributed it to the suddenness of 
decompression. Microscopic examination of the lungs of decompressed 
guinea-pigs by Hurtado [1934] revealed congestion and patches of 
atelectasis. His published illustrations suggest an analogous condition 
to that reported by P. Bert. 

Various mechanisms have been put forward as being responsible for 
the production of the lung hypersemia. Kronecker [1903] held that the 
hyperemia was the direct effect of rarefied air upon the lung capillaries. 
This view received support from Bartlett [1904], Spehl and Desguin 
[1909], Heger and de Meyer [1912], and Jacob] [1933], but was strongly 
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criticised by Zuntz et al [1905] and by Fleisch [1934]. Schubert [1930] 
suggested that low barometric pressures lead to an increase in the 
surface tension within the alveoli which in turn causes lung retraction 
with deformation of the alveoli and passive distension of the alveolar 
capillaries. In this connection v. Neergaard [1929] pointed out that 
such alveolar surface tensions are the most important factor in the 
production of lung retraction. 

A decreased vital capacity of the lungs occurs in men living at high 
altitudes or exposed to low barometric pressure in pneumatic chambers. 
This finding is explained by Zuntz et al as being due to a displacement 
of the diaphragm caused by expansion of the intestinal gases, and by 
Ivronecker [1903], Viale [1924], and Schneider [1932] as being the result 
of congestion of the lungs. Hurtado [1932], however, found that the 
total lung capacity remains normal, but that there is a reduction in 
vital capacity which is compensated by an increase in residual air 
volume. These changes together with congestion suggest an efficient 
respiratory mechanism for adaptation to low barometric pressures. 
Schneider [1932] measured the decrease in vital capacity in men 
exposed to 20,000 feet (349 mm. Hg) in a pneumatic chamber and at 
14,000 feet (447 mm. Hg) at Peake's Pike. He found a decrease varying 
from 6*7 to 15*3 per cent., but when oxygen was added to the inspired 
air the vital capacity tended to return to its normal level. He con- 
cluded that the anoxia caused lung congestion. 

This short review of literature indicates there is no agreement between 
workers upon the question of whether or not a low barometric pressure 
exerts a mechanical action on the lungs. 

The experiments reported in this paper were designed to determine 
whether the changes in the lungs found after animals were exposed to 
low barometric pressure could be ascribed to the concomitant anoxia 
alone; if some changes were found to be specifically due to low pressure, 
then the whole problem of its action would have to be carefully 
investigated. 

In this laboratory during the last three years several hundreds of 
the common laboratory animals were subjected to sub -atmospheric 
decompressions in the course of an investigation by Drs. Catherine O, 
Hebb, O. A. Trowel], and others, into some of the physiological 
problems which arise in such conditions. We were given the oppor- 
tunity of observing the lungs of many of these animals; our own 
experimental material included tests on rabbits, guinea-pigs, rats, cats, 
and one dog. 

Methods. 


A decompression chamber of 300 litres capacity was used for the 
pvwriments which were carried out, with or without oxygen, at various 
pressure levels between 275 mm. Hg and 70 mm. Hg. The time taken 
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for decompression varied from less than a second to several minutes. 
The animals were maintained at the low pressure level for periods up 
to 60 minutes and then recompressed. Sometimes those which survived 
were killed with nitrogen at ground level, otherwise the survivors were 
discarded. 

The post-mortem examinations were carried out immediately after 
the experiment. Before removing the lungs a search was made for gas 
bubbles in the abdominal and thoracic blood-vessels. The lungs were 
examined maeroscopically before inflation and when fully inflated. If 
specimens were required for microscopical examination they were 
taken before inflation. 

With regard to post-mortem changes, hyperaemia was the most 
constant lung change found. It was characterised by a general diffuse 
redness which appeared to be greatest in the lowest parts of the lungs 
(according to the position of the animal at death). This means that 
the hypostasis in part governed the site of the hyperaemia. It was 
classified as mild, medium, or considerable, according to the intensity 
of the coloration and the area of the lung affected. 

Lung petechial haemorrhages, well-recognised phenomena, and often 
associated with asphyxial death, were also frequently found. They 
were often quite numerous, but sometimes appeared singly on any 
part of the lung surface. 

Lung oedema was observed only occasionally, and was never massive. 
A certain loss of lung elasticity in some cases indicated some oedema, 
and histological examination revealed the presence of fluid in the 
alveoli in isolated cases. 

Congestive atelectasis is the term chosen to describe a further lung 
change in which the microscopical picture showed maximal dilatation of 
the lung capillaries and complete exclusion of air from the ah r eolar 
spaces (fig. 1). Maeroscopically the condition suggested gross haem- 
orrhage. The areas affected were sharply limited and stood out from the 
surrounding tissue because of their liver-like, uniform, dark red colora- 
tion (fig. 2); thus they were readily distinguishable even when they 
coexisted with severe hyperaemia in the same part of the lung. Closing 
the trachea before opening the chest intensified the contrast between 
hyperaemia and congestive atelectasis. Inflation of the lung caused the 
congestive airless parts of the lung to disappear and a restoration of the 
normal pink coloration, which showed the condition to be congestive 
and not haemorrhagic. The areas affected by congestive atelectasis 
were not confined to a particular part of the lung surface nor to any one 
lobe. However, they seemed to develop more frequently around the 
hilum or on the dorsal surfaces. This lung change observed by iis 
appears to be identical with that described by Paul Bert. 
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Fig. 1. — Microphotograph (magnification 90) of tissue from a part of the lungs 
showing congestive atelectasis from a rabbit which died at a level of 71 mm. Hg. 
The tissue was fixed by freezing immediately after recompression, and sections 
20 ft in thickness were stained with hematoxylin and eosin. Note complete 
exclusion of air from the alveoli in the upper part of the photograph, contrasted 
with alveoli containing air below. 



p o photo<waph of the lungs of a rabbit which died at a level of 100 mm, 

taken immediately after rccompression. The nght lung shows the sharply 
TSjj uverJiko areas characteristic of congestive atelectasis of the lung. '1 he 
7 ,1 has been inflated, which has restored its normal appearance, thus 

ieu. mng illustrating the reversibility of the condition- 
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I. Description of Experiments designed to provide a Com- 
parison of Long Changes found in Animals Dying of Simple 
Anoxia with those found in Animals Dying of Anoxia at 
Low Barometric Pressure. 

Rabbits, 137 in all, weighing between L5 and 3-0 kg. were used. 
They were kept under standard conditions of diet and temperature for 
one week and fasted 12-14 hours before they were used. The experi- 
ments, which were carried out on groups of 4-12 rabbits, confined 
singly in wire-netted cages in the decompression chamber, were divided 
into three groups : 

(а) Rabbits not subjected to decompression but killed by anoxia at 

ground level. 

(б) Rabbits killed by anoxia while exposed to low barometric 

pressures. 

(c) Rabbits kept at a pressure of several atmospheres, and then 
killed by decompression to ground level by 7 admission of 
nitrogen into the chamber. 

In groups (a) and (b) the chamber partial pressure of oxygen was main- 
tained at a level critical for survival (20-48 mm. Hg) by adding oxygen- 
nitrogen mixtures in the required concentrations via a multiple system 
of inflow tubes to ensure a uniform atmosphere throughout the chamber. 
Commercially prepared gas mixtures of different oxygen percentages 
in nitrogen were used, or corresponding mixtures were obtained by 
adjusting flows of air and nitrogen through a system of flow meters. 
The concentration of oxygen in the chamber was determined by analysis 
of gas samples taken at intervals throughout the experiment. The 
desired partial pressure of oxygen was reached in about 8 minutes. 

In group (6) experiments various subatmospheric pressures from 
500 to 100 mm. Hg (10,000 to 48,000 feet) and various speed of decom- 
pression (26 seconds to 8 minutes) were tested with the chamber partial 
pressure of oxygen maintained at 20-48 mm. Hg. 

In group (c) experiments a smaller chamber capable of standing a 
pressure of 6 atmospheres was used, which held only three rabbits at 
a time. 

Post-mortem examinations were carried out as described above. 

The results collected in Table I show that in animals dying of 
anoxia at ground level, hyperasmia of the lungs was a constant finding, 
but congestive atelectasis did not appear. Similar results were found 
at barometric pressures between 500 and 300 mm. Hg. At 300 mm, Hg 
occasionally the animals showed some atelectasis of the lungs, and as 
the barometric pressure was reduced below this level the incidence of 
it increased (fig. 3). That the extent of lung surface affected by atelec- 
tasis also increased as the pressure was reduced is shown in fig. 4. 
Fig. 5 indicates that there was no relation between the incidence of 
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atelectasis and the chamber partial pressure of oxygen to which the 
animals were subjected. 



Number of animals 


Fjg. 3. — The percentage incidence of congestive atelectasis ( • ) and gas bubbles ( O ) 
in rabbits is plotted separately against the barometric pressure level to which they 

were exposed* 



Barometric pressure mm. Hg 


3 2 7 0 12 4 

Number of animals 

Fio. 4. — The incidence of congestive atelectasis, classified according to the 
amount of l\mg surface involved, and expressed as a percentage of the total 
number of animals showing the change, varies with the level of barometric pressure : 

slight {not more than 25 per cent, of the total surface); 

medium (between 25 per cent, and 50 per cent, of the total surface); 

considerable {above 50 per cent, of the total surface). 
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Fig. 5.— Absence of correlation between the percentage incidence of congestive 
atelectasis ( • ) and gas bubbles { O ) found in rabbits and the partial pressure of 
oxygen to which they were exposed. 


Table II shows that there is no relation between the rate of 
pressure change (time for decompression) and the incidence and extent 
of atelectasis. 

Table II. — Incidence and Extent of Congestive Atelectasis and the Bate 
of Decomposition to 150 mm. Hg (Unanjesthetised Babbits). 


No. of 
experi- 
ment 

Time 

for 

decom- 

pression* 

No. of 
animals 

No. of 
deaths 

Extent of 

congestive atelectasis in p.c. of 
total lung surface 





Over 

70 

52 

O' 22' 

8 

8 

1 

4 

3 

0 

7 

33 

O' 35' 

6 

; 6 

3 

3 

0 

0 

G 

48 

V 20' 

4 

4 

1 

0 

0 

3 

4 

34 

4' 30' 

6 

6 

1 

4 

1 

* * 


49 

i 38' 0' 

8 

8 

4 

1 

2 

0 

0 1 
i 


Table III shows further that hyperamia but not atelectasis was 
found in the lungs of animals subjected to great changes of pressure 
when decompressed from several atmospheres to ground level. 
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Table III.— Effect of Decompression from High Pressure to 
Ground Level in Babbits. 


No. of 
experiment 

- -i 

Decompression 
to ground 
level from 
the pressure 
of 

Time of 
death after 
decom- 
pression 

Hypenemia 
present in 
No. of 
animals 

Congestive 
atelectasis 
present in 
No. of 
animals 

Gas 

bubbles 
present in 
No. of 
animals 

50 

mm 

4' 

1:3 

0:3 

0 : 3 

50 



3 : 3 

0:3 

3 ; 3 

50 

■Hi 


3 : 3 

i 

0 : 3 

i 

3 : 3 


Gas bubbles were found in animals decompressed from ground level 
to below 300 mm.Hg or in animals decompressed from 3 to 5 atmospheres 
to ground level. It is well known that gas-bubble formation is related 
to the extent and speed of pressure change and that it is not a specific 
result of low-pressure action. The correlation between the incidence 
of gas bubbles and decompression level is shown in fig. 3, the correlation 
between the incidence of gas bubbles and speed of decompression is 
shown in Table II. That there is no correlation between the incidence 
of gas bubbles and the chamber partial pressure of oxygen during the 
time of exposure to low pressure is shown in fig. 5. 

It is possible to conclude from these observations that there is 
evidence of a lung change (congestive atelectasis) formed at barometric 
pressures below 300 mm. Hg which is not found in animals dying of 
anoxia at ground level. The development of atelectasis appears to be 
independent of the degree of anoxia to which the animal is exposed; 
further it does not appear to be an effect of pressure change such as is 
necessary for the formation of gas bubbles, but it is dependent upon 
the absolute rarefaction of the atmosphere. 

II. An Investigation into Conditions Responsible for Lung 
Congestive Atelectasis Formation at Low Barometric 
Pressures. 

Evidence of atelectasis was also obtained in guinea-pigs, rats, cats 
(6), and a dog after exposure of less than an hour’s duration to low 
barometric pressures. Further experiments were carried out on rabbits 
alone in order to isolate if possible the main factors connected with its 
development, especially whether the appearance of atelectasis depended 
upon physiological processes or could occur in the dead animal. 

1. Decompression of Dead Animals . — Six rabbits were lulled by 
nitrogen at ground level and were then immediately decompressed. 

Heparin was injected intravenously into some of these animals before 
death as a precaution against intravascular clotting; such clotting, it 
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was thought, might have prevented any redistribution or displacement 
of blood caused by the changing mechanical conditions of experiment. 

No atelectasis was found in the lungs of these animals (Table IV), 
though gas bubbles in the vascular system were very numerous. The 
lungs showed hypermmia and hemorrhages, changes found in asphyxia] 
death. It was thus concluded that exposure of the living animal to a 
condition of subatmospheric decompression was a requisite factor for 
the development of lung atelectasis in our experiments. 

2. Becompression of Gasping Animals . — In order to determine the 
incidence of atelectasis in animals decompressed under the most severe 


Table IV. — Decompression to 120 mm. Hg of the Rabbits Killed by 
Nitrogen at Ground Level. 


No. of 
experi- 
ment 

No. of 
animals 

Nate of 
decom- 
pression 

Congestive 
atelectasis 
present in 

Hyperemia 
present in 

G.B. 

present 

in 

Remarks 

43 

4 

4' 45 s 

0:4 

! 4:4 

3 ; 4 

Heparin in 





1 


two. 

45 

. 2 

1' 10: 

0: 2 

2:2 

2 : 2 

Heparin in 

i 






one. 


conditions compatible with life, rabbits were decompressed individually. 
At the onset of gasping the animals were killed by recompression into 
nitrogen or coal gas. 

The results of these experiments (Table V) show that animals 
recompressed while gasping after exposure of short duration to low 
barometric pressure had lung atelectasis; those animals which respired 
at normal atmospheric pressure for a certain length of time after 
recompression did not have it. It was concluded that the death of the 
animal in a condition of low barometric pressure was not an essential 
factor for the development of lung atelectasis. Further survival even 
for the short time after recompression reduced the degree of atelectasis. 

3. Experiments on Anceslhelised Animals . — The remainder of the 
experiments was carried out on ancesthetised animals which allowed us 
more freedom of technique. 

Hanson and Sjostrand [1934/35], working on the mechanism of 
formation of lung atelectasis in amesthetised animals (subsequently 
killed by decapitation), found that there were other factors predisposing 
to lung atelectasis apart from those generally accepted as of importance, 
such as blocking of a bronchus with subsequent absorption of air from 
the corresponding alveoli. They discovered atelectatic areas in tlio 
hmvs of rabbits and dogs after prolonged urethane or chioralose 
anesthesia Tight bandaging of the chest and abdomen also produced 
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atelectatic areas, and they were found after a closed pneumothorax, 
the extent of atelectasis being directly proportional to the duration of 
the pneumothorax. Hanson and Sjostrand concluded that any factor 
which tended to decrease the initial capacity of the lungs might cause 
atelectasis. We believe that the atelectatic lung changes described by 


Table V, — Recompression of Gasping Rabbits by Admission into Chamber 
of Nitrogen or Coal Gas. 


No. of 
experi- 
ment 

Atmo- 
spheric 
pressure, 
mm. Hg 

Time of 
death 
after 
recom- 
pression 

Extent of 
congestive 
atelectasis 
in p.c. of 
total lung 
surface 

Remarks 

42 

94 

2' 

40 

Recompressed into nitrogen. 

»> 


4' 30" 


Convulsions after recompression into 
nitrogen. 

ii 


V 20" 

40 

Recompression into nitrogen. 

44 

93 

2' 45" 

5 

Recompressed into nitrogen. 

” i 

j 

»» 

4' 40" | 

0-5 

Respiration improved after recom- 
pression into nitrogen. 

ii 


2' 


Respiration improved after recom- 
pression into nitrogen. 

9} 

>— * 

00 

45" 

6 

Short period of improved respiration 
after recompression into nitrogen. 

52 

150 

30" 

50 

Recompressed into coal gas. 

a 


5' 


Respiration recovered after recom- 
pression into coal gas. 

» 


5' 


Respiration recovered after recom- 
pression into coal gas. 


Hanson and Sjostrand are similar to those observed by us in animals 
exposed to low barometric pressures. 

The experiments were carried out in which tracheotomised rabbits 
an&sthetised by intravenous injections of urethane were exposed to 
pressures ranging from ground level to 102 mm. Hg. The rabbits 
were immobilised in the supine position. The interval between full 
ansesthetisation and the beginning of decompression never exceeded 
forty minutes. The rabbits used for experiments at ground level were 
kept for the same period of time under anaesthesia before they were 
killed by nitrogen. 

In all further experiments the animals were subjected to the same 
procedure unless it is specifically stated to be otherwise. 

The results of experiments given in Table VI show that anaesthetised 
tracheotomised rabbits are affected by the same atelectatic lung changes 
at low barometric pressure as unanaesthetised animals. In anaesthetised 
animals, however, atelectasis formation, though much reduced in com- 
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Table VI . — Rabbits Anaesthetised wrrH Urethane. 


No. of 
experi- ‘ 
ment 

Atmo- 
spheric 
pressure, 
mm. Hg 

Duration of 
anaesthesia 
before 
death 

Time for 
decom- 
pression 

Extent of 
congestive 
atelectasis 
in p.c. of 
total lung 
surface 


114/1 

Gr . level 

25 ' 


0 


113/2 

ss SS 

36 ' 


0*5 


115/1 

»> ss 

37 ' 


0 


115/2 

tt tf 

35 ' 


0*2 


57 

190 

15 ' (circa) 
25 ' (circa) 

ss ' 1 

5 ' 45 " 

25 


76/1 

147 

3 ' 30 " 

2 


94 

120 

V 35 " 

30 


95 

1 


1 ' 45 " 

20 


110/1 

» 

»» 

ss 

40 


110/2 

s* 

ft 

ss 

50 


111/1 

11 

>> 

V 40 " 

0 

Two well-marked he- 
morrhagic areas. 

111/2 

y s 


ss 

70 

67 

117 

9S 

3 ' 40 " 

30 


60/2 

102 

s * 

4 ' 10 " 

4 


61/2 

» 

ss 

3 ' 30 " 

70 


38/1 

71 


O ' 65 " 

50 


38/2 

SS 

IS 

ss 

60 



parison with similar animals exposed to low atmospheric pressures, is 
not excluded at ground level. 

(a) j Experiments in which any Prolonged Response of the Animals 
to Anoxia before Death was Eliminated . 

A few tests were made in which the rabbits were subjected to atmo- 
spheres rich in oxygen (by intratracheal insufflation of pure oxygen) at 
ground level or at the level of 110-120 mm. Hg for ten minutes and then 
killed by cyanide. The jugular vein of the rabbit had been cannulated 
to allow rapid injection of the 2 per cent, potassium cyanide solution, 
3-5 c.cm. of which was found to stop all respiratory movements within 
20 seconds. In the low-pressure experiments injection was made by a 
syringe outside the chamber connected by narrow rubber tubing to 
the jugular cannula of the animal within the chamber. We could not 
ensure that dissolved gases in the solution might not form intravascular 
bubbles. As death occurred very rapidly, however, we hoped that the 
release of bubbles, if it occurred, would not materially alter the results. 

The results are shown in Table VII. It can be seen from them that 
congestive atelectasis formation occurred in the lungs of animals exposed 
to pressures of 110-120 mm. Hg whose condition previous to the sudden 
cessation of respiration was good. It was concluded that atelectasis 
formation at low barometric pressures was not necessarily dependent 
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Table VH.— Extent of Congestive Atelectasis in Lungs of Rabbits 
Killed by KCN at Ground Level and at Low Barometric Pressure. 


' No. of 
experiment 

Atmospheric 
pressure, 
mm. Hg 

Duration of 
- anesthesia 
before death 

Time for 
decompression 

Extent of congestive 
atelectasis in p.c. 
of lung surface 

103/1 

Ground level 

15' (circa) 


.. 

117/1 

” \ 

45' 

* * 

. . 

117/2 


47' 

. . 

• • 

103/2 

119 

45' 

2' 30" 

15 

103/3 

»* 

30' 

3' 30" 

2 

119/1 

110 

48' 

3' 

25 

119/2 

i 

if 

26' 

2' 30" 

2 


upon the response of the animal to critical anoxic conditions prior to 
its death. 

(b) An Investigation into the Relation of Heart Action to Atelectasis 
. Formation in Lmngs of Anaesthetised Animals with Open Chest at 
Ground Level . 

Experiments at ground level were performed on four rabbits. The 
chest was opened by removal of the sternum. The lungs were 
maintained in a semi-deflated state by an inflow of oxygen via 
a tracheal cannula. A description of one of the experiments (No. 104) 
follows : — 

On touching gently an area near the hilum of the diaphragmatic 
lobe of the left lung with the handle of a scalpel, the area con- 
cerned became very rapidly liver-like and contrasted sharply with 
the remainder of the slightly hyperamiic lung tissue. The liver-like 
area spread outwards slowly. This action was repeated on the 
same part of the right lung and a similar result was obtained. 
Inflation of the lungs by increasing the oxygen pressure restored 
to them their normal appearance, which was still maintained 
when they were deflated to their original position. Then several 
areas on different lobes of each lung were touched with the scalpel 
handle and all responded in the manner previously described; 
meanwhile the heart continued to beat regularly and vigorously. 
The lungs were inflated once more and the oxygen flow was stopped. 
When the heart ceased to beat the compression was tried again. 
This time there was no development of the atelectatic areas. 
When the oxygen flow was started again and massage of the heart 
restored its vigorous action, gentle local compression of the lung 
surface again caused formation of the liver-like patches. We 
repeated these tests with the heart several times, always obtaining 
the same result. ° 
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The results of this experiment were confirmed on three other rabbits, 
on which also further qualitative tests were made. Solutions of 
histamine (1: 1000) and acetylcholine (1 : 10,000) were applied locally 
to the surface of the lungs but no atelectasis developed. Forcible 
displacement of the liver and stomach in * a thoracic direction by 
manipulation through an abdominal incision resulted in the appearance 
of atelectatic areas on the diaphragmatic lobes of the lungs. When in 
this manner direct pressure was applied to the lung surfkce with the 
viscus in -various stages of inflation, it was found that the greater the 
degree of inflation the greater the force required to produce the atelectatic 
areas. 

We were convinced that the lung change described above, because 
of its macroscopic appearance and reversibility, resembled exactly the 
atelectatic condition which we found in the lungs of animals after 
exposure to low barometric pressures. From these qualitative experi- 
ments at ground level we felt able to conclude that the atelectasis could 
only occur in animals in which some degree of pulmonary circulation 
of the blood was maintained. On this evidence we assumed that 
atelectasis formation at low barometric pressure, with or without anoxia, 
can only occur in living animals. 

(c) Experiments to shoiv whether Decreased Lung Capacity 
Influences Atelectasis Formation . 

Tests were carried out at atmospheric pressure and at low baro- 
metric pressure ( 140-120 mm. Hg) on rabbits tightly bandaged from 
axillae to pelvis. The length of the time an animal was kept bandaged 
before dying of anoxia caused by respiring nitrogen varied from T30 to 
40 minutes in the ground-level experiments. The length of the time 
animals were kept bandaged before dying of anoxia at 140 or 120 mm. 
Hg did not exceed 15 minutes. The results of these experiments are 
given in Table VIII. 


Table VIII. — Influence of Decreased Lung Capacity on Atelectasis 
Formation at Ground Level and at Low Barometric Pressure. 


No. of 

experiment i 

Atmospheric 
pressure, 
mm. Hg 

Duration of 
anesthesia 
before death 

Time for 
decompression 

Extent of congestive 
atelectasis in p.c. 
of lung surface 

“ 

106/1 

106/2 

107 

108 

109 

98/1 

98/2 

Ground level 

11 

It 

140- 

122 

19 

15 ' (circa) 

»» 

32' 

if 

36' 

35' 

25' 

•• 

6' * * 

V 35" 

91 

<M 

35 

25 

85 

70 

00 
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The results of experiments at ground level confirm, the observations 
of Hanson and Sjostrand which, were made on bandaged anaesthetised 
animals (killed by decapitation). Atelectasis formation was increased 
in these conditions and was proportional to the duration of the limita- 
tion of lung capacity. The results of experiments at 140-120 mm. Hg 
show that atelectasis formation was found to be more extensive in 
animals at these levels than at ground level, and more so than in control 
animals at 120 mm. Hg (See Table VIII)* 

Bandaging of either chest or abdomen alone, or injection of large 
quantities of air into abdominal cavity, did not appear to increase 
atelectasis formation at 120 mm. Hg. 

(d) Investigation into Methods Preventing Ining Atelectasis Formation 
in Animals Exposed to Loio Atmospheric Pressures. 

(1) Experiments in which the increase of abdominal pressure at 
low atmospheric pressures was reduced. 

* A group of tests was carried out on three rabbits whose abdominal 
wall had been divided from pelvis to xiphoid process; the abdominal 
contents thus exposed were covered with warm saline pads. One other 
rabbit had three wide rubber tubes inserted, one into the stomach, two 
into the large intestine, and its abdominal wall was closed by sutures, 
allowing protrusion of the rubber tubes. 

The results of these experiments given in Table IX show that 
although animals in which the increase of abdominal pressure is pre- 
vented develop less extensive lung atelectasis than the controls (see 


Table IX. — Reduction of Abdominal Pressure. 


No. of 
experiment 

Atmospheric 
pressure, 
mm. Hg 

Time for 
decompression 

Duration of 
anaesthesia 
before death 

Extent of congesti% r e 
atelectasis in p.c. 
of lung surface 

88/1 

117 

1' 30" 

circa 20' 

1 

88/2 

j, 



5 

93/1 

122 


30' 

10 

93/2 

ti 


20' 

3 


Table VI), yet under these conditions formation of it is certainly not 
excluded. 

(2) Experiments in which slight positive intra-pulmonary pressure 
was maintained in animals at low barometric pressures. 

Rabbits were used for these experiments. Fig. 6 shows the arrange- 
ment by which a positive intra-pulmonary pressure was maintained at 
any subatmospheric pressure level. The rabbits 5 tracheal cannula was 
connected with a side tube. The pressure difference between the 
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atmosphere outside and within the decompression chamber caused a 
flow of air or oxygen conveniently regulated by tap (1) outside the 
chamber. It was possible to keep a steady (except for the small 



Fig. 6. — Method for maintaining positive intra -pulmonary pressures at any 
subatmospheric pressure level within the chamber. 

(X) Tap connecting chamber with outside atmosphere. 

(2) Side tube connected to tracheal cannula. 

(3) Capillary tube for resistance. 

(4) Mercury manometer. 

respiratory variations) positive intra-pulmonary pressure throughout 
the experiment in this way. 

The results of these experiments are given in Table X and show that 
maintenance of an adequate positive intra-pulmonary pressure seemed 
to prevent the development of lung congestive atelectasis at the 
pressure levels tested. The existence of a relation between the sub- 

Table X. — Increase of Intra-pulmonary Pressure and Lung Atelectasis 
Formation at Low Barometric Pressure. 


No. of 

experiment 


Atmospheric 
pressure, 
mm. Hg 


Time for 
decompression 



Extent of congestive 
atelectasis in p,c. 
of total lung surface 


54 
70 
69 

55 
64 
63 
62 










Congestive Atelectasis in Lungs of -Rabbits and Other Animals 307 

atmospheric pressure level and the (minimum) positive intra-pulmonary 
pressure necessary to prevent atelectasis formation is suggested by the , 
figures reported in Table X. 

Discussion. 

It has been shown that the atelectasis which occurs in animals 
exposed to barometric pressure of less than 300 mm. Hg for periods up 
to 60 minutes is due to the low pressure per se and not to the con- 
comitant anoxia. The precise physiological mechanisms producing such 
atelectasis are somewhat obscure, but we would draw attention to the 
work of Verz&r and Jeker [1937], who came to the conclusion that a 
physiological atelectasis may exist during normal resting respiration 
and disappear with the onset of increased ventilation of the lungs. 
Again, atelectasis indistinguishable macroscopically from the type we 
observed under certain circumstances occurs in anaesthetised animals 
at ground level [Hanson and Sjostrand,' 1934/35]. Thus it may be 
that at low barometric pressures physiological atelectasis is exaggerated 
and so persists in spite of the increased lung ventilation which results 
from the anoxia. 

That changes in surface tension within the alveoli [v. Neergaard, 1929] 
may be brought about by a low barometric pressure has been suggested 
by Schubert [1930]. He expressed the view that these changes reduced 
the intra-alveolar forces which normally oppose collapse of the lung. 
Our experiments do not militate against this view ; on the other hand 
they give no direct support to it. They do, however, indicate the 
importance of keeping a balance between the pressure of the air within 
the lung, and the active or passive forces responsible for lung retraction 
if atelectasis is to be prevented. Thus we found that the maintenance 
of a small positive intra-pulmonary pressure at low barometric pressure 
is effective in preventing atelectasis, and that limitation of the forces 
promoting lung expansion increases the degree of atelectasis. 

Our results suggest that positive pressure breathing at high altitudes 
will be beneficial in maintaining expansion of the lungs. 


Summary. 

1. In rabbits, guinea-pigs, rats, cats, and a dog subjected to the 
action of low barometric pressure, congestive lung atelectasis, of varying 
extent, has been found at post-mortem examination. 

2. Experiments on rabbits exposed to decreased partial pressures of 
oxygen at different barometric pressures have shown that there is no 
relation between the incidence of congestive atelectasis and partial 
pressure of oxygen. The animals dying of anoxia at ground level or 
at barometric pressures between 500 and 300 mm. Hg showed all the 
usual lung changes but no congestive atelectasis. 
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3. The animals decompressed from 3 or 5 atmospheres pressure to 
ground level also did not exhibit this lung change. There was no , 
relation between the rate of decompression from the normal to low 
barometric pressures and the incidence or extent of congestive 
atelectasis. 

4. A direct relation between the level of decompression (300-100 
mm. Hg) and the incidence and extent of atelectasis was found, and it 
was concluded that the absolute rarefaction of air was the prime cause 
of congestive atelectasis formation. 

5. An increase of intra-pulmonary pressure maintained in animals at 
low barometric pressures prevented lung atelectasis formation. 

6. The results of experiments of Hanson and Sjostrand on the forma- 
tion of lung atelectasis under the influence of different factors decreasing 
lung capacity at ground level are confirmed. 

7. The possible mechanism responsible for the lung atelectasis 
formation under the influence of low barometric pressure is discussed. 

We are very grateful to Professor I. de Burgh Daly for providing 
laboratory facilities and for his constant interest and advice. Our 
thanks are also due to Dr. Catherine Hebb and Dr. W. Missiuro for their 
help in carrying out some of the experiments. The expenses of this 
work were partially covered by a grant from the Polish Air Medical 
Council to J. Fegler. 
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RADIOGRAPHIC STUDIES OE THE EFFECTS OF MEPACRINE 
ON THE GASTRO-INTESTINAL TRACT OF THE RAT. 1 
By Army Malaria Research Unit, Oxford , 2 and The 
Nuffield Institute for Medical Research, Oxford . 3 

( Received for publication 8th May 1945.) 

When the members of the M.R.U., Oxford, began their detailed studies 
of the pharmacology of mepacrine, it was known that this drug produced 
in some human subjects symptoms and signs referable, at least in part, 
to altered activity of the gastro-intestinal tract. The literature on 
mepacrine did not provide a complete explanation of the alimentary 
canal upsets produced by the drug, so it was necessary for the M.R.U. 
to include in its programme a more detailed study than had hitherto 
been made of its gastro-intestinal effects. It was decided to make a 
beginning on animals and thereafter to extend the study to man. The 
choice of animals in war-time was limited, as the only ones available 
in adequate number were rats. Fortunately ’ (see Discussion), this 
limitation to a genus which does not vomit proved in the outcome to 
be an advantage rather than the opposite. The technique used for the 
investigation, radiography, combined with the introduction of radio- 
opaque media, was chosen (i) because there would be no surgical inter- 
ference, or anaesthesia, to complicate one’s interpretation of the results, 
and (ii) because objective records could be obtained at suitable intervals 
of the state of the whole gastro-intestinal tract. This paper describes 
the technique of the radiographic investigation, and the effects of various 
doses of mepacrine on the gastro-intestinal tract of the rat. 

Technique. 

White male rats weighing between 125 and 225 g. were used. 
Throughout the period of investigation they were fed on a standard 
diet of drj 7 dog biscuit, with unlimited water. In addition, immediately 

1 Reported to the Chemical and Pharmacological Sub'Commitfcee of the M.R.C. 
Malaria Committee in January 1945. 

2 Lt.-Col. B. G. Maegraith, R.A.M.C.; Major Malcolm Brown, R.C.A.M.C,; 
Major R. J, Rossiter, R.A.M.C.; Capt. K. N. Irvine, R.A.M.C.; Capt. J. C. Lees, 
R.A.M.C.; Capt. C. N. Partington, R.A.M.C.; Capt. D. S. Parsons, R.A.M.C.; 
Surgeon ‘Lieut. R. E. Havard, R.N. 

3 Dr. A. E. Barclay; Dr. K. J. Franklin; Miss M. M, L. Prichard, 
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following the conclusion of an experiment, the rats were given a special 
meal consisting of bread, toppings, a small quantity of cod liver oil, 
and greenstuff, For 24 hours before an experiment they were deprived 
of food and water. One half-hour before the opaque meal was given, 
a No. 3 gum elastic catheter was introduced into the stomach and the 
drug to be tested was administered in solution. The volume of fluid 
introduced was 0*25 ml. per 150 g. body-weight. Before control ex- 
aminations the same amount of water was given. The opaque meal 
was a soft pellet weighing 1*5 g. containing two parts by weight of 
ordinary dog biscuit ground to a powder and one part of bismuth 
carbonate with enough water added to form a pellet. Except in a very 
few cases this meal was eaten a minute or two after it was put in the 
cage. The rats were given ordinary food and water when all the opaque 
meal had passed beyond the small intestine or at the end of 12 hours, 
whichever was the earlier. 

Each rat was radiographed every half-hour for the first 3 hours after 
the meal, then every hour until the 6th hour, and thereafter as indicated 
until the 12th hour. At 24 hours another radiograph was taken, and 
if bismuth was still present in the stomach, another at 48 hours. 
Hfex (non-screen) film was employed with the following factors : — 

Target-film distance . 18 J inches. 


kV 55 

mA ... 90 

Exposure time . . 0*08 sec. 

During radiography the rat was stretched out in a supine position on 
top of the film and a ventro-dorsal view obtained (fig. 1). The exposure 
was made at a moment when respiratory movement was minimal. 
For screening, the rat was held in the same manner over an under- 
couch tube and viewed from above. On the whole the rats were easily 
handled and no anaesthetic was necessary. From 18 to 24 rats were 
used on each experimental day. 


The Normal Radiological Appearance of the Ga^tro-intestinal 
Tract of the Rat . 

Anatomical Note. — The rat does not vomit, and its gut presents 
certain anatomical differences from the human gut. The stomach 
is divided into two parts by a transverse, firm, raised ridge easily 
identifiable in the gross specimen. ' The part cranial to the ridge 
is the fore-stomach and the part between the ridge and the 
pylorus is divided into antrum and fundus (fig. 2). The fore- 
stomach has a thin, translucent wall lined by stratified squamous 
epithelium, and it receives the (Esophagus at the most caudal 
point of its lesser curvature. The wall of the antrum and fundus 
is much thicker, and the muscular layer more developed, than in 
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Fig. 1. — The method of holding an unamesthetised rat over the X-ray film 
during an exposure. 



Radiographs of two bismuth meals m the same rat, showing the effect of mepaerine. 
Figs. 3~7. — Control bismuth meal. 

Figs. S-12. — Bismuth meal k hr. after mepaermo 40 mg./kg. 
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tlie fore-stomacli. In the ridge dividing the fore-stomach from 
the antrum and fundus the muscular layers are thicker still, but 
there is no true sphincter. The antrum occupies the entire lesser 
curvature caudal to the ridge, and the fundus includes the entire 
greater curvature except for a short distance cranial to the pylorus. 
.The junction 'between the two is marked by an abrupt elevation 
of the mucosa. In the antrum the mucosa has a slightly roughened 
surface, the epithelium is columnar and there are short, relatively 
wide, mucus-secreting glands. In the fundus the mucosa has a 



Fig. 2. — Diagram of the stomach of the rat. 


furrowed, velvety surface, and the glands are long and narrow 
and lined by chief and parietal cells. 

The rat’s duodenum is elongated in conformity with the shape 
and size of the pancreas. The anatomy of the small intestine is 
very similar to that of the human small intestine. 

The csecum is several times as wide as the small intestine and 
varies in length from 5 to 10 cm. It has a long mesentery and 
its position within the abdomen is much more variable than in 
man. The colon is about twice as wide as the small intestine 
and occupies approximately the position it does in man. 

The radiographic appearance of the gastro-intestinal tract in a 
normal rat is shown in PL I, figs. 3-7. The stomach is the shape of a 
horse-shoe with the curved part, the body of the stomach, directed 
caudally and to the left; the two ends are near the mid-line, the pylorus 
lying more to the right, however, than the apex of the fore-stomach. 
The fore-stomach has a greater diameter than the stomach proper, and 
the outline of its wall is smooth (fig. 3). The junction between the 
fore-stomach and the antrum and fundus is marked on the lesser 
curvature by the deepest point of the concavity, and on the greater 
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animals which gave results around the lower mode came from a different 
source from the others. Repeated control meals on a group of 5 
animals throughout the period of the experiments gave very constant 
results, showing that no change in laboratory conditions had been 
responsible for the variation found. If all the work could have been 
done on one strain of animals, it is probable that the results would 
have been more consistent. . ' 


Table I.— Mean Times of the Passage of a Bismuth Meal through the 
G ASTK O-INTE STINAL TbACT IN 114 NORMAL RATS. 



Mean 

hours. 

Standard 

deviation. 

Standard error of 
the mean for a 
group of 6 rats. 

Bi first seen in caecum . 

2-87 

0*80 

0*32 

Fore*stomach empty 

4*95 

3*76 

1*53 

Stomach empty 

6*14 

3*94 

1*61 

Small intestine empty . 

9*70 

4*16 

1*70 


As well as studying the variation between numbers of normal 
animals, we have investigated the variation in a group of 5 animals 
which were given seven control meals at intervals of seven to ten days. 
Analysis of these results has shown that there is more variation in a 
group of animals which have a bismuth meal on the same day than 
there is in the results of a series of bismuth meals in the same animals 
on different days. The results are set out in Table II, and the analysis 

Table II.- — Emptying Time of the Stomach in 5 Rats which had 
7 Control Bismuth Meals. 


Bat No. 

Control bismuth meal. 

Total. 

1 . | 

2. 

3. 

4. j 

5. 

6. 

7. 

Emptying time in hours. 

1 

1*75 

3*50 

2*25 

5*50 

3-50 

3*50 

3*50 

23*50 

2 

1*75 

1*75 

3*50 

4*50 

3*50 

2*75 

2*75 

20*50 

3 

2-25 

2-25 

3*50 

4*50 

3-50 

3*50 

2*75 

22*25 

4 

5*50 

6-50 

6*50 

7*50 

9*00 

6-50 

4*50 

45*00 

5 

4*60 

5*50 

3-50 

3-50 

2*75 

6-50 

3*50 

28*75 

Total 

15-75 

19-60 

19-25 

25*50 

22*25 

20-75 

17*00 

140*00 
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curvature sometimes by a small indentation and at other times by 
irregularities in the outline of the wall of the fundus which are in con- 
trast with the even outline of the fore-stomach. These irregularities in 
the shape of the antrum and fundus are due to peristaltic waves which 
a PP ear immediately after the meal is eaten, and continually change the 
size and shape of this part of the stomach. 

In the normal animal the movements of the fore -stomach are not 
great enough to be detected on screening; visible peristaltic waves 
appear on the greater curvature of the fundus just caudal to the fore- 
stomach and progress slowly towards the pylorus, increasing in depth 
and indenting the distal part of the lesser curvature. The pylorus opens 
a minute or two after the meal reaches the stomach and a small amount 
of food passes through. Thereafter it opens intermittently at fairly 
frequent intervals. As the stomach empties, the fore-stomach diminishes 
in size, loses its regular outline (fig. 4), and usually empties one hour 
before the antrum and fundus. Complete emptying of the entire 
stomach takes on the average about six hours (see Table I and fig. 0). 

As in the human subject, the duodenum is seldom completely filled, 
and the nsual shadow is irregular and thin. There is no duodenal cap. 
The bismuth meal passes fairly quickly through the jejunum and ileum, 
and the caecum is reached in about two and a half hours (fig. 5). The 
small intestine does not usually fill enough to give a completely opaque 
shadow, and the column of bismuth becomes fragmented in its passage 
to the caecum. Changes in diameter due to movements in the wall 
tend to be gradual rather than abrupt. In about nine hours the small 
intestine is empty (fig. 6). 

In the rat the colon seldom fills with a solid column of bismuth as 
in man. Instead, the opaque meal appears in the colon first as a 
speckling of fecal masses already present, and later as completely 
opaque fecal masses. Feeces with bismuth on the surface may appear 
in the rectum in 'four or five hours, but feces derived from the opaque 
meal itself take two to five hours longer. By the end of twenty -four 
hours the entire tract is usually free of bismuth (fig. 7). 


Variation in the. Bate of Passage of a Bismuth Meal through the 
Gastro-intestinal Tract of Normal Bats. 

As a preliminary to our experiments with mepacrine, the rate of 
passage of food through the gut was investigated in 114 normal rats. 
The mean times taken for the standard meal to pass through the stomach 
and small intestine, and into the csecum, are shown in Table I. As the 
standard deviations show, there was considerable variation. Part of 
the reason for this degree of variation was the fact that animals were 
obtained from more than one source. The frequency distribution 
curve of the times taken for the stomach to empty is himodai, and tho 
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in the small intestine, tlie cteeum, and the colon are unimportant 
compared with the effects on the stomach. 

Stomach . — The delay in gastric emptying, the most obvious of the 
effects on the stomach, is the result of pylorospasm and a disturbance 
of the motility of the body of the stomach. On screening, no movement 
is seen in the walls of the fore-stomach, but the entire wall of the antrum- 
fundus has a greatly increased tone and shows rings of spasm. In the 
films these sometimes give the appearance of peristaltic waves, but no 
orderly progression 'to tlie pylorus is seen on screening. A constant 
feature of the effect of mepacrine is the marked spasm at the junction 
of the fore-stomach and antrum-fundus, which in the first few hours 
makes the division between the two more obvious than in the normal 
animal (figs. 8 and 9), and later often results in the retention of part 
of the meal in the fore-stomach after the antrum-fundus is practically 
empty (fig. 11). The delay in the emptying of the fore-stomach is a 
measure of the hypertonicity and spasm of the antrum-fundus and the 
pylorus. Once the antrum-fundus loses its hypertonicity and the 
pylorus is no longer spastic, the meal passes rapidly out of the entire 
stomach, and there is usually no retention — as there is in the normal 
animal — of part of the meal in the antrum-fundus after the fore-stomach 
is empty. 

There are other minor features of the effect of mepacrine on the 
stomach. There is evidence that gastric secretion is increased; The 
size of the gastric shadow is often larger than in the control, and in 
cases where pylorospasm has been complete, the shadow has increased 
in size over a period of several hours. As the volume of the stomach 
is the volume of its contents, and the bismuth meal is always the same 
size, the increase must be due to an outpouring of secretion. Often, too, 
gas accumulates and a large bubble forms in the stomach (fig. 9). 

Small Intestme . — In the great majority of experiments the only 
change in the radiographic appearance of the small intestine is the 
result of the disturbed emptying of the stomach. Occasionally the 
intestine is much narrower than in the control and it has a thin ribbon- 
like appearance. Filling is often irregular, and the bismuth column is 
more fragmented than it is normally, but this can be explained by the 
intermittent pylorospasm. In a few eases there is evidence of an 
independent delay in the passage of the meal through the small gut; 
the difference between the time when the stomach is first empty and 
the time the small intestine is empty is greater after mepacrine than in 
the control. 

Caecum and Colon . — In a few animals, a large dose of mepacrine 
has been followed in from two to three hours by a short period of 
diarrhoea. The intestinal hurry manifested by the diarrhoea is of short 
duration, for it has never been reflected in unduly rapid passage of the 
head of the bismuth meal, i.e. the movements of tfie cascum and colon 
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of variance in Table III. There is no significant difference in the 
variance from day to day in the same animal and the residual variance. 
There is, however,- a significant difference in variance in different 
animals on the same day and the residual variance (2 = 1*22, 2 = 0-72 
for the 1 per cent, point). The variation between rats is so much 

Table III. — Analysis of Variance of Results in 5 Rats which 
had 7 Control Meals. 


Mean 

variance. 


' 1-1917 



Columns (variation from day to day) . 


Rows (variation between rats) . 


Residual . . ; . . 


Degrees of 
freedom. 

Sum of 
squares. 

6 1 

12-75 

4 

57-02 

24 

28-60 

34 

9S-37 j 


greater than that between different meals in the same rat that there is 
no doubt that more precision is obtained when the mean emptying 
times in the same group on different days are compared than when the 
comparison is between the mean emptying times of two groups of rats 
on the same day. Thus, if R rats are compared with the same group 
of R rats tested on a different day, the S.E. of the difference of the means 
/2*756 

of the groups , whereas if R rats are compared with a second 

group of R rats on the same day, the S.E. of the difference of the groups 

] s J* A jj*. Ry the first method the number of observations required 

to establish the significance of a given difference is approximately 
halved. 

The Effects of Mepacrine on the Gastro-lniestinal Tract of the Bat . 

The radiographic changes seen in the gastrointestinal tract of the 
rat after a large dose (40 mg./kg.) of mepacrine by mouth are shown in 
PI. I, figs. 8-12. The most striking difference from the control meal on 
the same animal (figs. 3-7) is the delay in gastric emptying. Whereas 
in the control the stomach was empty at 6 hours except for mucosal 
markings, after mepacrine there was a large amount of bismuth in the 
stomach at 24 hours. The delay in gastric emptying is related to the 
dosage of mepacrine (see below), and it may be used to measure the 
ffect of different doses and to measure the effect of variation of 
^iuvants and vehicles. This phenomenon has been the basis of the 
quantitative analysis of our experimental results. The changes seen 
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animal showed a marked effect, and the mean delay was more than 
30 hours. The effect of 35 mg./kg. was of intermediate severity. 
The delay in gastric emptying time caused by these different dosages of 
mepacrine is given in Table IV. 


Table IVY — Effects on the Emptying Time or the Rat’s Stomach of 
Variation in the Dosage or Mepacrine. 


Dose of 
mepacrine, 
mg./kg. 

No 

delay. 

2 hours 
delay. 

24-5 hours 
delay. 

0-12 hours 
delay. 

12-24 hours 
delay. 

2*5 

2 

3 




5 

2 

3 

. . 

. . 

. . 

10 

1 

4 

1 * , 

. . 

t • • 

15 

3 

8 

2 

7 

5 

20 

1 

3 

, , 

1 

1 

30 

1 

1 

1 

2 

1 

35 i 

4 f 



3 

3 

40 




* • 

6 


To see if the results could be reproduced, 15 animals were given 
mepacrine 15 mg./kg. on two occasions. In 5 animals the two experi- 
ments were separated by two weeks ; in 5 they were separated by four 
weeks; and in 5 by eight weeks. The results showed very good agree- 
ment. The distribution of the differences was the same in each of the 
three groups, and the mean difference was - 1*28 hours, S.E. 3*47. It 
should also be pointed out here that throughout the entire period of 
the investigations into the effects of different dosages of mepacrine, 
repeated control bismuth meals were given to a group of 5 rats, and that 
the results of these control meals showed very good agreement. 

Discussion. 

These experimental results have formed the basis of a comprehensive 
investigation of the actions of mepacrine on the gastro -intestinal tract. 
Experiments which defined the gastro-intestinal effects of various 
salts of mepacrine and of mepacrine dihydrochloride administered in 
various ways will be described in a further report. The experiments 
in man which confirmed the important and practical results of the 
experiments in rats will also be the subject of a further report. 

In the present investigation, when mepacrine dihydrochloride was 
given in a dosage of the same order as the suppressive dosage in man 
(2-5 mg./kg.), only a proportion of animals were affected and the 
effects were minimal. It is to be emphasised that the serious effects 
seen with higher dosages exceed anything which has been seen in man 
except in special circumstances. The effects of these higher dosages 
were studied so that data over a vide range would be available for 
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apparently return to normal before the opaque material reaches them. 
In some animals there is much more gas in the caecum after mepacrine 
than there is in the control, and this accumulation is most marked in 
those animals' which have a large gas bubble in the stomach. Aside 
from a few examples of diarrhoea, and the more frequent accumulation 
of gas, no abnormality has been observed in the csecum or^ colon. 
However, frequent films have not been taken at the time when changes 
in the large bowel should be looked for after a bismuth meal {12-24 
hours), and it may well be that some abnormality has passed undetected. 


Effects' on the Emptying Time of the Stomach of Variation in 
the Dosage of Mepacrine. 

As has been pointed out, the most obvious effect of mepacrine on 
the gastro-intestinal tract of the rat is the increase in emptying time of 
the stomach. As the increases in the different animals can be readily 
determined, they provide a basis for a quantitative description of the 
results. For the purposes for the present report, the delay in emptying 
after mepacrine has been measured by taking the time when the stomach 
is free of bismuth and comparing it with the time previously observed 
during the control meal. For example, if the stomach was empty in 
12 hours after a dose of mepacrine, and in the control meal it was 
emptied completely in 3 hours, the delay in final emptying has been 
9 hours. There are other ways of measuring the delay in emptying 
which give an indication of the speed at which the bismuth meal passes 
through the pylorus at different periods, say from 1 to 3 hours and from 
6 to 12 hours, and one of these will be used in a later report. The 
method used in the present study is simpler, however, and it has been 
found an adequate method for the present purpose, viz. the measure- 
ment of the effects of different dosages of mepacrine. 

Observations have been made on the effect of mepacrine dihydro- 
chloride given by mouth in dosages ranging from 2*5 mg. /kg. upwards. 
(Mepacrine OT g. in a man weighing 60 kg. is a dosage of 1*6 mg./kg.) 
Sixty-four animals have been used for this experiment, with a group 
of at least five on each dose. Each animal had previously had a control 
bismuth meal. No change in the general appearance or behaviour of 
the animal was noticed in any of the experiments. A few animals had 
a short period of diarrhoea during the first few hours after receiving the 
drug, but this was unusual. 

When mepacrine was given in dosages up to 10 mg./kg. there was 
delay in emptying of the stomach in only two-thirds of the group, and 
when there was delay it was slight and the mean delay was about one 
hour With dosages of 15 mg./kg. 90 per cent, of the animals showed 
a ’ pffpct and with these dosages the effect was much greater, the 
mZi delay being about 9 hours. With a dosage of 40 mg./kg. every 
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Summary. 

L A technique has been developed with which the effect of drugs 
on the gastrointestinal tract may be studied in the intact unansesthetised 
animal. The technique consists in giving rats bismuth meals and 
observing their rate of passage radiographically. 

2. The effects of mepaerine on the rat's gut are: hypertonicity and 
disturbed peristalsis in the stomach; pylorospasm, increased gastric 
secretion; delay in gastric emptying; increased accumulation of gas 
in the stomach and the caecum ; and slight delay in the rate of passage 
of the bismuth meal through the small intestine. 

3. The severity of the effect' on the stomach may be measured by 
determining the length of time taken for the stomach to empty. 

4. The effect of various doses of mepaerine dihydrochloride given 
before the barium meal has been determined, and this information will 
serve as a basis for comparative studies with other salts of this drug 
and with other methods of administration. 
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comparative studies and not because they resemble in degree the 
disturbances seen in man. 

The novel method which has been used has made possible the study 
of the gastro-intestinal toxicity of mepacrine on a scale which is im- 
practicable in man and deserves comment. Errors due to the variability 
of the animals have been minimised by standardising the conditions of 
the experiment, by working with a large number of animals, and by 
submitting the results to statistical analysis. Only by working with 
rats was it possible in the prevailing circumstances rigidly to standardise 
the conditions and use the numbers of animals large enough to obtain 
statistically significant results. The analysis of the results has shown 
that during the period of the experiment there was no variation in 
laboratory conditions which affected the behaviour of the gastro- 
intestinal tract of normal rats. The variation between strains has been 
controlled by doing control meals in all animals. The results have also 
shown that there was no variable in the experiment which affected the 
response to mepacrine. In spite of the vagaries of the biological 
material the method has produced statistically significant results. 

The view that results of animal experiments cannot be applied to 
man will be discussed in further publications. It is sufficient for the 
moment to make three points. First, changes similar in nature to those 
described for the rat have been demonstrated in man. Secondly, 
many drugs known to have an effect on the gastro-intestinal tract in 
man have been tried in rats, and in every case it has been possible 
to demonstrate some effect radiographically. Details of these experi- 
ments will be published shortly. Thirdly, the observations have been 
made on the intact unanaesthetised animal, and therefore have a great 
advantage over experiments performed with isolated preparations or 
on antestlietised animals. 

It seems strange at first sight to choose an animal which does not 
vomit for use in a stud}' of the pharmacology of drugs which have an 
emetic action in man. Some of the advantages of working with the 
rat have already been mentioned, but probably its greatest merit is 
just this fact that it does not vomit. In animals which vomit, man for 
instance, the result of an emetic dose of a drug is merely a positive or 
negative one, and cannot be more than roughly quantitative; the animal 
vomits, empties its stomach and further observations are impossible. 

If the dose is sub-emetic, and observations are made radiographically, 
the result can be measured in several ways, one of which is the speed of 
aastric emptying. In the rat every dose of an “emetic” drug is sub- 
emetic, and quantitative observation of the change is possible with any 
dose 'This makes possible a degree of measurement and comparison 

of results unobtainable in animals which vomit, and thus the character- 
istic which might be thought to veto the use of the rat becomes its great 
advantage. 
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Summary. 

1. A technique has been developed with which the effect of drugs 
on the gastro-intestinal tract may be studied in the intact unanossthetised 
animal. The technique consists in giving rats bismuth meals and 
observing their rate of passage radiographically. 

2. The effects of mepacrine on the rat’s gut are: hypertonicity and 
disturbed peristalsis in the stomach; pylorospasm, increased gastric 
secretion; delay in gastric emptying; increased accumulation of gas 
in the stomach and the csecum; and slight delay in the rate of passage 
of the bismuth meal through the small intestine. 

3. The severity of the effect' on the stomach may be measured by 
determining the length of time taken for the stomach to empty. 

4. The effect of various doses of mepacrine dihydrochloride given 
before the barium meal has been determined, and this information will 
serve as a basis for comparative studies with other salts of this drug 
and with other methods of administration. 
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